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ABSTRACT 
The literature concerned with scrotal function is reviewed, 
and further studies of this function and the mechanism by which 
it is accomplished are reported. In the experimental work 18 
rats, 12 guinea pigs and 21 rams were used. 
Scrotal temperature in the ram was found to be approximately 
G.5°C lower than body temperature, 'while testicular temperature 
was approximately 4.9°C below body temperature. Scrotal insu-
iatio-n reduced these differences approximately 3.0 °C and 2.0 °C 
respectively. Testes removed after 4 days to 16 weeks of 
insulation indicated progressive degeneration. Partner testes, 
allowed a 3-weeks recovery period before excision, showed some 
recovery in cases where insulation period was 2 weeks or more. 
Scrotal insulation also resulted in a marked increase in the pro-
portion of abnormal spermatozoa ejaculated, followed by an a1most 
aspermatic condition after approximately 3 weeks of insulation. 
The time required for passage of spermatozo-a from testes to the 
ejaculatory duct ranged from 4 to 13 clays (average 8.S days) in 
. rams in active service. 
The effect of abdominal temperatures upon the morphology 
of fully formed guinea-pig spermatozoa was studied. No increase 
111 rate of degeneration was noted due to abdominal temperature. 
Rat testes were subjected to va'fying degrees of lower than 
normal temperatures with no notable damage resulting, indicating-
that testes are less sensitive to lower than to higher than normal 
tern pera tures. 
Studies of the tunica dartos muscle , both with the scrotum 
intact and in isolated strips, indicate that this muscle functions 
very much as a thermostat, relaxing with a temperature increase 
and contracting with a temperature decrease, being especi811y 
sensitive at temperature near the normal testicular temperature, 
and thus functioning to maintain the testes at a fairly constant 
temperature. The tunica dartos was found to go into heat riga, 
at 59.25°C. The effects of various drugs on this muscle are also 
reported. 
Observations on two rams, temporarily of lowered fertility 
while in high condition (fat) and with a heavy; covering of wool, 
followed by a return to normal fertility after removal of the fleece 
and some lowering of condition are reported. 
The Thermo - Regulatory Function and 
Mechanism of the Scrotum 
RALPH \V. PHILLIPS AND FRED F. McKENZIE* 
Animal Husbandry Department.. Unbcrsity of Missouri, and ~he 
United States Del~artnu!l1t of Agricu.lturc, Coop cmting. 
INTRODUCTION 
During the past decade the problem of scrotal function has 
been studied quite extensively by a few workers and their results 
indicate that the scrotum is a thermo-regulator for the testes, 
maintaining them at a temperature somewhat below that of the 
abdominal cavity. The findings \vhich led to this conclusion have 
been based largely on histological studies of cryptorchid testes 
and testes that had been subjected to temperatures higher than 
that in the scrotum. A brief review of the literature pertaining 
to this function of the scrotum follows. 
REVIEW OF LITERATURE 
Cryptorchidism is a rather commonly observed phenomenon 
and the aspermatic condition and lack of normal testis development 
both micro-and macroscopically has been known for a number of 
years. Griffiths (1893) found that the testes of the dog, in full 
spermatogenetic activity, would degenerate in a few months if 
replaced in the abdominal cavity. Crew (1922) first suggested that 
the lack of development of cryptorchid testes might be accounted 
[or on the assumption that the abdominal temperature is not that 
at which the final stages of spermatogenesis occur. 
Moore (1922) produced crytorchidism experimentally by re-
placing testes of mature rats and guinea-pigs in the abdominal 
cavity. After three or four months testes treated in this manner 
were found to be histologically typical of undescended t estes, the 
germinal epithelium being absent, and only a single layer of cells 
(considered: Sertoli cells) persisting around the base of the semi-
niferous tubules. Further studies revealed that degeneration of 
the epithelium was evident seven days after elevation of the testis 
to the abdominal cavity. In fourteen days the degeneration was 
well advanced and after twenty or thirty days the germinal epi-
thelium was usually absent. 
· ·Submi'tec by the senior author in partial fulfilment of the requirements for the degree 
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Experimentally cryptorchid rams have given results 111 line 
with those described above in the rat, guinea-pig and dog. Moore 
(1924) found that after a ram's testis had been returned t)o the 
abdominal cavity for sixty-five days it had the characteristics of 
a naturally cryptorchid testis, all cells of the germinal epithelium 
being absen~ except a single layer next to the basement membrane. 
In addition to histological changes in the experimentally 
cryptorchid testis there is a decrease in size. Moore (1924) found 
an appreci<l!ble decrease in the size of the guinea-pig testis after 
having been elevated to the abdomen for thirty days or less, and 
this diminution in volume was found to continue with longer 
retention so that after one year of abdominal retention the testis 
was only about one-fifth its normal size in volume. In the ram 
Moore (1924) noted a decrease in testicular volume of about one-
third after the testis had been returned to the abdominal cavity 
for sixty-five days. 
Obviously the germinal epithelium undergoes degeneration 
when the testis is elevated to the abdominal cavity. Would such 
deg<,;neration result if the testis were elevated to the abdominal 
cavity and yet maintained at a temperature comparable to that 
of the scrotum? Using rabbits and .dogs Fukui (1923), and em-
ploying a cooling apparatus on the exterior, proximal to inguinal 
and abdominal testes experimentally retained, found that by thus 
keeping the temperatnre down a testis could be m<l!intained in a 
nearly normal condition while its mate, also experimentally re-
tained, showed marked degeneration. 
Griffiths (1893) found that if the testes of the dog were re-
placed in the abdominal cavity before completion of sexual differ-
entiation they did not reach the stage of spermatozoon formatioln, 
and were but slightly different from pnrely embryonic testes. 
Moore (1924) noted a similar condition in the guinea-pig, when 
he found that degeneration was !lot so marked in testes when they 
were elevated to the abdominal cavity before full spermatogenic 
activity was attained as when elevated after this time. Arrest in 
development was found to have taken place, and, in general, the 
earlier after birth elevation of the testis to the abdominal cavity 
was carried out the less the visihle degeneration. 
The problem of scrotal function has also been studied by 
noting the effect of direct application of heat to the scrotum and 
t() the testis upon testis histology. Fukui (1923) exposed rabbit 
testes to increased temperatnres by four methods. namely; (a) 
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Exposure of the scrotum to sunlight, the exposure being made on 
clear days in midsummer, (J.apan) from 1 :00 to 3 :00 P. M. (tem-
perature readings not indicated), (b) Warm wa'ter bathing of the 
scrotum at temperatures of 44° to 49° C., (c) Warm! air bathing 
of the "waist part" at temperatures of 40° to 44° C., a'nd (d) Ex-
posure of the scrotum to an arc light. From these experiments the 
relation between temperature and the minimal time required to 
produce testicular damage is reported as follows : at 48° C. twenty 
minutes, at 45° C. half an hour, at 46° C. one hour, at 45° C. two 
and one-half hours, at 4·1° C. forty-five hours .and at 41 ° C. about 
one hundred hours. The body temperature of the rabbit is about 
40° C. Fukui also notes having observed cases of what he terms 
"heat testicles" in dogs, cats, guinea-pigs, goats and one case in a 
human. Moore (1924) carried on similar experiments with guinea-
pigs using hot water, electric light and electric stove as heat 
sources, and obtained comparable results. Moore (1924) also 
studied the effect of suspending the testies themselves in warm 
saline for a time after which they were replaced in the scrotum. 
Submerging the testes for five minutes in saline at 44° C. resulted 
in perceptible degeneration and being held in saline at: 47° C. for 
that length of time resulted in marked degeneration of all tubules. 
Scrotal insulation provides a favorable method of studying 
the function of the scrotum since by thisl means it is possible to 
increase the scrotal temperature without in any way disturbing the 
normal connections or coverings of the testes. Moore and Oslund' 
(1924) insulated the scrotum of a ram for eighty days and upon 
examination of the testes found varying degrees of degeneration 
in the seminiferous' tubules. Some showed a germinal epithelium 
of normal thickness but with no spermatozoon, in others the va-
riety of the epithelial cells was abnormal, and in others the struc-
ture was similar to seminiferous tubules found in cryptorchid 
testes. 
The survival of testicular grafts also sheds some light on the 
problem of scrotal function. Moore· (1923) (1926) made subcu-
taneous, intramuscular and intraperitoneal grafts of testicular 
tissue and obtained active mitosis in the germinal epithelium but 
a normal epithelium with spermatids or spermatozoa was not 
obtained. However, when such grafts were made on the . walls 
of the scrotum normal seminiferous tubules with characteristic 
spermatozoa were found after six months. 
s MISSOURI AGRICULTURAL EXPERIMENT STATION 
The recovery of experimentally cryptorchid testes to normal, 
if the testes were returned to the scrotum after a consid'erable 
amount of degeneration had taken place, was noted by Moore 
(1922). Continuing this study Moore (1926) found that guinea-
pig testes regained norm~l function when replaced in the scrotum 
after having been held in the abdominal cavity for five months. 
Spermatozoa were produced witpin ninety days after scrotal re-
placement. 
The length of time over which degener~tion continues in the 
guinea-pig testes after a brief exposure to high temperatures 
(4:6 0 to 47 0 C. for 15 to 30 minutles) is about twelve days, ac-
cording to Young (1927). At the end of this time complete evac-
ttation of the germinal epithelium has taken place except for some 
spermatogonia and Sertoli cells. The first reconstructive changes 
become appa·rent about the time of complete evacuation and re-
construction may be complete and spermatozoa be formed in some 
tubules by' the forty-fifth day foHowing treatment. Regeneration 
is practically complete about six months after treatment. 
The actual difference which exists between the temperature 
of the abdomin~l cavity and that of the scrotum has been de-
termined: in a few species by Moore and Quick (1924) . In rabbits, 
with' an abdominal cavity temperature of about 39.5 0 C. the scrotal 
temperature was found to be 1.5 0 to 2.5 0 low~r. In guinea-pigs 
a difference of from 2.0 0 to 3.5 0 was noted, and in rats the dif-
ference found w~s from 4.0 0 to 8.0 0 C. Measurements were made 
at warm and cool room temperatures and the scrotal temperature 
s.cemed to vary directly with the room temperature. 
The contributions which are described briefly above indicate 
clearly that the testes function normally only in the scrotum or 
when maintained elsewhere at ~ temperature comparable to that 
of the scrotum, and that when any marked increase over normal 
testicular temperature is brought about, whether it be by experi-
mental crytorchidism, scrotal insulation or direct application of 
heat, sperm~togenetic function is impaired or lost. When the 
testis, so treated, is returned to its normal temperature spermato-
genetic function is regained. Thus the scrotum is found to func-
tion as a thermo-regulafor for the testes. 
The heat resistance of cells in various stages of spermato-
genesis is of considerable interest. Young (1929) points out that 
a:ctively dividing primary and secondary spermatocytes and 
younger spermaticis are the first elements 'to be affected by a 
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temperature increase, the older spermatids are next to be affected, 
and subsequently there is degeneration of the spermatozoa, those 
in the epididymis being more heat-resistant than those in the testes. 
The spermatogonia are affected less . by a temperature increase 
than the remainder of the germinal epithelium. Thus there seems 
to be a considerable lowering Oof heat resistance in the germinal 
elements during transformation, the heat resistance being regained 
to some degree as the spermatozoa become completely formed a:m! 
"ripened" in the epididymis. 
The evidence for the increased: heat resistance of spermatozoa 
as they pass from the testis and through the epididymis (mentiOoned 
in the preceding paragraph) is based on the duration of motility 
of spermatozoa from va-rious regions of the male genital tract 
after 'having been subjected to higher temperatures. Young (1929). 
Heller (J 929) gives some further evidence that the thermo-
regulatory function of the scrotum extends to the fully formee! 
spermatozoa as well as the germinal epithelium. This investigator 
found that sperm from the isolated epididymis of the guinea-pig 
were capable of being activatecl in saline for about twenty-three 
days if the epididymis remained in the scrotum, but couldi no~ be 
activated after thirteen or fourteen days if the epididymis were 
held in the abdominal cavity. Similar studies wit11 rats revealed 
that spermatozoa from the isolated epid'idymis remaining in the 
scrotum were capable of being activated for eighteen days, but 
could not be activated after five days if the epididymis was held 
in the abdominal cavity. 
Since an increased temperature does affect the motility of 
spermatozoa, the question arises as to whether there is also an 
effect on the morphology. In semen secured Oon alternate days 
from rams with insulated scroti Phillips (1931) found a marked 
increase in the proportion of abnormal spermatozoa: within e;ght 
days after insulation WCl!S applied. In about three weeks sperma-
tozoa ,,,ere almost completely absent from the se men . Whether these 
abnormalities arose from derangement of the spermatogenetic pro-
cess or from changes in the fully formed spermatozoa was not 
determined. 
No one has described any decrease in sexual desire or change 
in secondary sex char.acters in association with testicular de-
generation due to increased temperatures, and cryptorchid animals 
are commonly known to possess normal secondary sex characters 
a nd sexual desire. 
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Knowing that the testes are maintained by the scrotum at a 
tem;perature below that of the abdominal cavity and that an 
increase in temperature results in degeneration of the epithelium 
and some damage to the fully formed spermatozoa, the problem 
of the manner in which higher temperatures effect these changes 
arises. Two possibilities have been presented. Fukui (1923) 
believes that the degeneration is due to heat lability of testicular 
proteins at body temperatures or above. On the either hand Moore 
(1924) suggests that such degeneration may be due to a lack 'of 
, oxygen and accumulation of carbon dioxide due to vascular stag-
nation. Heat applied to the scrotum, or directly to the testes 
produces, as in other parts of the hody, a hyperaemic condition 
associated usually with edema. 
Barron (1933) found that Faradization of the external sper-
matic nerve in rats is followed by a decrease of 0.5 0 to: 1.0 0 C. in 
testicular temperature. Section of this nerve in the abdomen is 
followed by a corresponding increase in testicular temperature. 
, After section of the external spermatic nerve the testes were found 
to undergo degeneration similar to that produced by heat, in-· 
flammation or X-ray. The tempera,t:ure increase never was ob-
served to persist more than twenty days but the degenerative 
process continued much longer. Barron believes that this de-
generation is due to hyperaemia resulting from vaso-dilation, rather 
than to the small increase in temperature, that results from section 
of the external spermatic nerve. 
Since hyperaemia results from application of heat to the tes-
ticle and is accompanied by degeneration of the germinal epi-
thelium, and in the work by Barron mentioned in the preceding 
paragraph hyperaemia accompanied by only a slight temperature 
rise resulted in a similar degeneration, Barron's work would seem 
to substantiate the view that testicular degeneration at higher 
temperatures might be due to hyperaemia rather than to lability 
of testicular proteins at the higher temperatures. 
Since the scrotum does maintain the testes at a temperature 
below that of the abdominal cavity, the mechaI).ism by which this 
is accomplished becomes of interest. Very little material is avail-
able on scrotal physiology from this standpoint. Lieben (1908) 
reports some findings in 'his work with the tunica dartos of humans 
and dogs. The dartos was found to ' contract when stimulated 
directly or when many far-removed spots on the body were stimu-
lated. Among the various stimulants studied' were applications 
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of warm or cold water or ether, all of which resulted in contraction 
of the dartos. The scrotum was found to be relaxed at a uniform 
room temperature. The dartos was found to be innervated by 
the sympathetic nervous system in such a manner that each scrotal 
half receives its nerves from the abdominal cord on the same side. 
Irritation of the sympathetics and the ramus communicas from 
the first two sacral segments resulted in contraction of the dartos, 
but there were no contractions when nerves from other segments 
were irritated. 
Crew (1922) noted that the condition of the scrotum varied 
with different conditions of atmospheric temperature and suggested 
that these changes were controlled by the tunica dartos. 
In considering the problem of scrotal function several ques-
tions present themselves. What are the actual differences between 
scrotal !and abdominal cavity temperatures in larger animals? 
Are the regressive and recovery cbanges in the testes of larger 
animals, particularly farm livestock, resulting from heat damage 
similar to those noted in laboratory animals? How small a tem-
perature increa·se is necessary to effect such regressive changes 
in the testis? \i\That is tlhe effect of increased temperature upon 
the morphology of the spermatozoa? Since higher than normal 
temperatures result in testicular damage, what would be the effect 
of lower than normal temperatures? What is the physiology of 
the thermo-regulating mecha·nism of the scrotum? ,,\That prac-
tical application has the study of the problem of scrotal function? 
Experiments designed to help answer these questions have 
been carried out and the findings are reported in this I,aper. 
EXPERIMENTAL WORK 
As is indicated in the Introduction results of the studies of 
several problems are reported in this paper. The data and dis-
cussion concerning each problem are reported ' separately; con-
sequently this section is divided into seven parts. 
I. Comparative Temperatures of the Body, Scrotum and Testes 
of Rams, and the Effect of Insulation upon Scrotal Tem-
p'erature. 
Material.-The data herein presented have been collected as 
an incidental part of the work concerning the effect of insulation 
upon the testes and upon the ejaculated spermatozoa of rams, 
and the study of the temperature-regulating mechanism ' of. the 
scrotum. 
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Body temperatures "V ere obtained per rectum. Scrotal tem-
perature measurements were obtained by inserting a thermometer 
through a small incision in the scrotal wall. T O! obtain testicular 
t emperatures an incision was made through the tunicaJ albuginea 
and a thermometer inserted directly into the middle of the testis. 
A ll temperature measurements were made with a very sensitive 
thermometer, calibrated to one-ten.th of a degree CentigTade, and 
read with a reading gla'ss. 
Fig. I.-Showing the method of _3crotal insulation and the ty pe of 
rams used in t he work dlP'scribed in this pa'per. 
The method of scrotal insulation is pictured in Figure 1. The 
insulation consisted of a sack fashioned to fit the scrotum and 
made of two layers of blue denim and two layers of cotton batting 
held in place by straps over the anima:l's back. The type of rams 
used may also be noted in Figure 1. They were all purebred 
Hampshire rams, and were yearlings with one exception, this being 
a ram approximately four years old (ram K). 
Presentation of Results.-Temperature rea:dings of the body, 
scrotum and testis were obtained from three rams and are shown 
in Table 1. 
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TABLE I.- COMPARATIVE BODY, SCROTAL AND TESTIS TEMPE RATURES IN R AMS. 
(CENTIGRADE) 
Ram Recta! Temp. Scroul Temp. Testicula r Temp. Room Temp. 
A 39 . 0 33.8 34 . 4 14.0 
B 39.8 34.0 34 . 8 18.8 
C 40.1 34. 9 35.6 14.4 
Scrotal t emperature readings from three rams at widely varied 
room temperatures are shown in Table 2. These readings were 
ma:de while the rams were under anesthesia, Nembutal (sodium 
ethyl methyl butyl barbiturate) being the anesthetic used. R oom 
t emperatures were changed without disturbing the rams and the 
length of time after changing the room temperature until th e 
next r eading was made is indicated in Table 2. 
TABLE 2.-SCROTA I. TEM PERATU RE S OF RAMS AT \VIDELY V ARIED ROOM 
TEMPE RATURE S (CE NTIGRAD E ) 
Time Since Room 
Ram Room Temp. Temp. Was Changed Scrotal Temp. 
--
24.2 Sevcr:d hours 3+ .0 
A - 2.0 20 minutes 30 .6 
-3. 0 30 minutes 27.0 
- -
B 21.0 Several hours 33.6 
13 .0 45 mi nutes 33 .3 
4.5 45 minutes . 31.6 
24.0 60 minutes 33 .6 
--
C 24.3 Several hours 32.5 
14 . 5 20 minutes 31.2 
The effect of insulation upon scrotal and testis tempera:tures 
is shown in Table 3. Temperature changes in t hese organs upon 
removal of the insulation are also presented in Table 3. 
TABLE 3.-EFFECT OF I N SULATION UPON SCROTA L AND TESTIS TEMPERATURES, 
AND TEMPERATURE CHANGES AFTER REMOVAL OF I NSU LATIO N (CENTIGRADE) 
Body temperatu re ___ . _____________ __ ____ _ 
Time of in.sul~tion p:cvious to rendings _____ _ 
Temp.lnSlde Jnsulatlon ___ ____ _ ~ ~ _~ ___ ~ __ _ 
Room temperature ~ _ __ ~ ~ ~ _ ~ _ ~ _ ~ _ ~ ___ ~ ~ __ ~ 
Scrotal te mr. eratur rs With jn~ulatio n on __ ~ _____ _____ _____ _ 
5 minutes after re movaL _____________ _ 
10 minutes after removaL ____________ _ 
15 minutes after remova L ______ __ ____ _ 
20 minutes after removaL _________ ___ _ 
30 minutes after removaL ____________ _ 
35 minutes after removaL ____ _____ ___ _ 
Testis _!em.peratu:es 
Wah InsulatIon on ________________ :.. __ 
35 minutes after removaL __ __ ___ ____ _ _ 
Ram A 
40 .6" 
4 days 
29 .0" 
12.0" 
36 . 4" 
36 . 0" 
34 .S" 
34.6" 
34.2" 
33 . S" 
37.0" 
33. S" 
R am B 
39.5" 
1 week 
30.0" 
18 . 0" 
36 .5" 
35.5" 
,3.5" 
33.5° 
32 .0" ' 
R am C 
40 .0" 
2 weeks 
32.6" 
20,4" 
36.4" 
35.2" 
35.2° 
35 .0" 
34.0" 
32 .S" 
32 . S" 
37. 0" 
34 .0" 
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The number of animals from which the figures in each of the 
above tables (Tables 1, 2 a!nd 3) were obtained was necessarily 
small and is not presented as exactly what would be found in 
(ill animals, but they represent the conditions in the rams studied 
and seem sufficiently clear-cut to indicate what might be found 
in other rams. The importa:nt points in Tables 1, 2 and 3 con-
cerning comparative temperatures of the body, scrotum and testes 
of the ram are summarized in Table 4. 
Body 
Scrotum 
Scrotum 
Scrotum 
Testes 
Scrotum 
Testes 
Scrotum 
Testes 
TABLE 4.-SUMMARY OF COMPARATIVE BODY, SCROTAL AND TESTIS 
TEMPERATURES IN RAMS. (CENTIGRADE) 
Number of 
Conditions Readings Range Average 
(per rectum) ______________________ _ • ___ 6 39 .0-40.6 39.83 Room Temp. 14.0-18.8° _________________ 3 33 . 8-34 . 8 34.20 
Under anesthesia Room Temp. 13-24.3° ___ 6 31. 2-34.0 33.03 
Under anesthesia Room Temp. -2.0°_4.5° 3 27.0-30 . 6 29 . 73 Room Temp. 14.0-18.8° _________________ 3 34.4·35.6 34.93 [ nsulated ___________________________ ___ 3 36.4-36 .5 36 .43 I nsulated _____________ _________________ 2 37 .0·37.0 37 .00 
20-30 mins. after removal of insulation. Room Temp. 12.0-20.4 ______________ 
20-30 min.. after removal of insulation. 
32 .0·33.8 32.86 
Room Temp. 12.0-20.4 ______________ 2 33.8-34.0 33 . 90 
The average rectal temperature noted was 39.83 0 C. Ritzman 
and Benedict (1931) report 39.9 0 C. as the rectal tempera:ture in 
yearling sheep and 39.20 C. in adult sheep. 
It may be noted that the scrotal temperatures observed aver-
aged 34.20 C., or 5.6c C. lower than the rectal temperature. The 
temperature in the testes was found to be 34.90 C. or 4.9 0 C. lower 
than the recta:l temperature. 
The scrotal temperature readings obtained; on rams under 
anesthesia were slightly lower than temperature readings on nor· 
mal rams. Two reasons, either or both of which may acc.:'lUnt 
for this difference, are (1) that the a:nesthetic had a slightly de-
pressing effect on body temperature and (2) that the rams were 
so suspended when the temperatures were taken that the scrotum 
was more exposed than usual. At low room temperatures (-2.0 0 
C. to 4.5 0 C.) scrotal temperature was found to be 29.7 0 C. 
The temperature within insulated scrota was found to be 36.40 
C. or 2.20 C. above norma:l. The temperature of testes held in 
insulated scrota was 37.0 0 C. or 2.10 above normal. (The scrotal 
temperature at room temperatures of 14.0-18.0° C. was considered 
as normal.) 
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It is interesting to note that upon the removal of scrotal in-
sulation, both testicular and scrotal temperatures dropped below 
normal. Apparently the scrotum was unable to adjust itself 
quickly after having been subjected to insulation for a time. 
II. The Effect of Scrotal Insulation on the Testes o,f the Ram. 
The object of the experiment herein described was to de-
termine the effect of scrotal insulation upon the testes of the ram, 
to trace the progress of any degenerative changes, and to note the 
possibilities of regeneration of testes so damaged. 
Material.-Six Hampshire rams were subjected to scrotal in-
~ulation. At varying times after applying insulation, same was 
removed and one testis excised and blocks removed and fixed' in 
Allen's'l' modification of Bouin's fluid. Three weeks later the 
second testis was excised, and blocks removed and fixed'. Thus 
blocks of testicular tissue were ava:ilable for: study following the 
various treatments indicated in Table 5. Two rams died shortly 
after excision of the first testis. 
TABLE S.-TREATMENT OF TESTES BEFORE BEING EXERCISED 
Ram No, 
Period of insulation before removal of 
insulation and excision of first testis 
Time from remova.l of insul at ion to 
excision of second testis 
---1-------------·1------------·-7 
14 
15 
13 
9 
17 
4 days 
1 week 
2 weeks 
4 weeks 
S weeks 
16 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
All blocks of tissue were placed in the fixing solution within 
one minute after excision. The tissues were dehydrated', embed-
ded in paraffin, and sectioned (8-10 micra). Mayer's hemalum 
and Orange G were used in routine sta:ining. 
In discussing the physiology of the male reproductive system 
Oslund (1828) indicates that all maturing germ cells do not become 
spermatozoa as some degenerate before reaching definite form. 
Spermatocytes and spermatids in various stages of degeneration 
may ,be seen in the lumina of seminiferous tubules of normal testes. 
'Pormula for Allen's nuid: 
Picric ncid (l:3aturnted nqueolls solution) 
Formalin , c.p. 
marial acetic a till 
Urea cry's tals 
75 parts 
1;' pmts 
10 p·nrts 
1 part 
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Presentation of Results.-A description of the condition of 
testes removed from rams at the end of various insulation periods 
follows: 
Ratn 7. At the end of four days of scrotal insulation the testis 
presented an orderly appearance, the cells of the germinal epi-
thelium being in their normal position and the tubules showing 
little shrinkage. There were evidences of degeneration in most 
tubules however. The lumina! of some tubules were empty but 
most of them contained material consisting of spermatids and 
secondary spermatocytes, a few primary spermatocytes and some 
spermatozoa. Most tubules had many spermatozoa atta:ched to 
the epithelium but in a few spermatozoa: were neither lattached 
to the epitrcliutn nor in the lumina. The sf:>ermatids were ap-
parently normal in some tubules but in many others these cells 
showed evidences of degenera·tion and many of them were' break-
ing awa.y from the epithelium. The secondary spermatocytes 
showed areas of degeneration in some tubules, with several of 
these cells breaking away from the epithelium. The primary sper-
matocytes and spermatogonia appeared norma:l except for a few 
areas of degeneration. (See Figure 2.) 
Ram I4. After one week of scrotal insulation the tubules of 
the testis had shrunken considerably and the epithelium was tend-
ing to become disorganized. Many da:rk-staining nuclei appeared 
in all regions of the epithelium. The lumina contained' dehris and 
some cells, mostly spermatozoa, spermatids and primary sperma-
tocytes. Spermatozoa were absent in some tubules, many were 
still attached to the epithelium in others a!nd quite a few were 
found in the lumina. Of the spermatozoa found in the lumina 150 
were observed and of this number 39 appeared normal, 96 were 
tailless, 3 had coiled tails and 12 still had the middle piece bead 
attached. The sperma'tids were showing considerable degenera-
tion and breaking away from the epithelium singly and in groups 
in many tubules while in others the cell outlines were not clear. 
Many secondary spermatocytes were also breaking away from the 
epithelium and much degeneration Wa!S evident. The primary 
spermatocytes and spermatogonia appeared normal in some tubules 
but there were many areas of degeneration in this region in other 
tubules. (See Figure 3.) 
Ram IS. After two weeks of scrotal insulation, the germinal 
epithelium presented a genera!l1y disorganized appearance and the 
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leig-. 2.--Section nf testis from Ham 7 after fonr days of scrotal insulation. (a) 
12()X, (b) 360X. Note the absence of spermatozoa in some tubules, also sloughing 
of cells, clumping and disintegration of these cells, andl cytolysi-s of some cells in the 
germinal epithelium. . 
Fig. 3.-Section of testis from I{am 14 after one week of scrotal insulation. (a.l 
1120X, (h) 360 X. Note the marked shrinka.ge of tubules, edematous condition, slough-
ing a.nd clumping of cells, cytolysis in all regions of the germinal epithelium, pyc-
nosis in many cells, and t he rhromatoid condition of nIany nuclei. 
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tubules were shrunken. The lumina contained debris and degen-
erating spermatids, secondary and primary spermatocytes and an 
occasional spermatozoon. No spermatozoon was attached to the 
epithelium. In some tubules the region normally occupied by the 
spermatids and secondary spermatocytes was fill ed with a mass 
of degenerating material while in others this region was filled with 
unorganized cells. Some primary spermatocytes appeared in their 
normal location but others 'were scattered throughout the tubules. 
Some degeneration was evident among the spermatogonia. (See 
Figure 4.) 
Ram T3. At the end of four weeks of scrotal insulation, the 
testis presented a very degenerate appearance. A single row of 
cells , probably spermatogonia, remained around the basement 
membrane of the tubules. The remainder of the tubal epithelium 
was filled with a mass of degenerate material. . Spermatozoa were 
not present. (See Figure 5.) 
Ram 9. At the end of eight \veeks of scrotal insulation the 
general appea:rance of the testis was disorganized and areas of 
degeneration were evident in all regions of the tubules. Sperma-
togonia were arranged in a somewhat irregular row on the tubal 
basement membrane. Most of the tubules contained a consider-
able number of cells that resembled primary and secondary sper-
matocytes. These cells were not arranged in definite order, many 
contained dark-staining nuclei and giant cells resulting from syn-
cytium were common. There was considerable variation in the 
size of these giant cells. The lumina were either almost com-
pletely filled with these cells or with a mass of degenerating 
material. Some lumina were empty. (See Figure 6.) 
Ram I7. At the end of sixteen weeks of scrotal insuLation, 
the testis presented a very disorganized appearance. The tubules 
were not clearly outlined. Spermatogonia formed a somewhat 
irregular row around the base of the tubules and a few similar 
cells were to be found scattered about in the tubules. Besides 
this, the tubules contained only degenerate material. (See Figure 
7.) 
The description of the testes are summarized in Table 6. The 
diameter of seminiferous tubules given is the average of measure-
mentson fifty tubules from each testis studied . 
Several points of interest are noted in the reaction of- these 
testes of rams to scrotal insulation. 
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Fig. 4.- -Rection of testis from Ham 15 after two weeks of scrotal Insulation. 
(a) 120X, (b) :160X. Note th,e- edematous ('ondition, markedl pycnosis, sloughing. ot 
epithelial cells, cytolysis in all regions of the germinal epithelium, and the absence 
of spermatozoa except for an occasional one free in thfr lumen of a tubule. 
Fig. 5.-Section of testis from Ram 13 after four weeks of scrotal 1nsulation. 
(a) 120 X, (b) 360X. Note the marked shrinkage of tubules, edematou!lt condition, 
llbsfrnce of epithelial cells except for a single layer on tIle basement membrane, and 
the colloidal-like mass of degenerating material in each tubule. 
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Fig. 6. -Section of testis from Ram \I nfter eight weeks of scrotal insulatioo. 
(a) 120X, (b) 360X. Note the edematous condition, cytolysis, chromatoid condition 
of many nuclei, giant cells, and disintegration of cells free in the lumina of tU.bules. 
Fig. 7.-section of testis from Ram 17 after sixteen weeks of scrotal in·sulation. 
(a) 120X, (b) 360X. Note the shrunken condition of the tubules, and the disorgan-
ized condition within the tubules where only a Lew cells around the basement mem- f 
brane nnd some disin tegrating cells in the lumina remain. 
I nsu la-
tion 
Ram period 
------
6 4 days 
--
14 1 week 
--
15 2 wh. 
--
13 4 wks. 
- -
9 8 wk,. 
---
17 16 wk •. 
TABLE 6.-CONDITION OF TESTES OF RAMS AFTER VARIOUS PERIODS OF SCROTAL INSULATION 
T ubule 
I I dia. Material in Secondary Primary . (Micra) Lumina of Tubule, Spermatozoa Spermatid, Spermatocyte. Sperm a tocyte. Spermatogonia 
177.1 Nothing in a few , Cells, None in a few tubul es. Normal in some tubules. Areas of degeneration Normal in most tubules. Areas of degeneration 
mostly spermatid, and Most tubules had in many. in some. 
secondary sperma- many attached to epi-
cytes, and some sperma- thelium, and a few in 
tozoa. lumina. 
146 . 8 Debris and some cells, Many in lu mina and Cell outlines not clear. Much degeneration Areas of degeneration and dark-staining 
mostly spermatozoa, many attached to epi- Much degeneration and shedding into nuclei in many tubu les. Appear normal in 
spermatids, and thelium. None in so me and 'hedding into lumina . some . 
secondary spermato- tubule •. lumina. 
cytes. 
152.7 Debris a nd some cells, None in epithelium. Disorgani~ed. J n some tubules mostly mass of Some normal, others Some degeneration and 
mostly spermatid., sec- An occasional one in degenerating material. I n others made up of scattered thruout tu- tending to become dis-
onda ry and primary lume n. unorgani~ed group of cells . buies. organized. 
spermatocyte,. An oc- I cational sperm. 
1.14.3 Mass of degene rate ma- None An occasional cell in this region . Mostly degenerate material. Single row around base 
terial. of tubule •. 
131.8 Some lumina empty. None None Most tubule. contained cells ,imilar to these Irregular row around 
Others contained degen- hut disorganized . Dark stainin g nuclei com- base of tubules. 
erati ng material and mont Much 5yncitium, so much variation in 
some were fi ll ed with size. 
cell,. 
102.6 Degenerate materia l, None None Irregular row arou nd 
with a few cells, proba- base of tubules. 
bly.permatogonia. 
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As in laboratory animals the spermatids and secondary sper-
matocytes were the first to be affected by the increased temper-
ature, followed by the primary spermatocytes amd then some dis-
turbance of the spermatogonia. A notable amount of degenera-
tion was present after four days of scrotal insulation. 
In a subsequent section the studies on spermatozoa ejaculated 
by these rams during insulation are reportfd. The great propor-
tion of spermatozoa with tailless heads observed in the tubules of 
the testis from Ram 14 (one week of insulation) indicates the 
source of this type of spermatozoa which appea'red in the semen 
in such large numbers following insulation. 
The fact that spermatozoa were not found in the epithelium 
and only an occasional one in the lumina .of tubules of a testis 
after two weeks of scrotal insulation indica'tes the quickness with 
which an animal is rendered sterile by a small increase in scrotal 
temperature. 
A marked decrease in the diameter of the seminiferous tubules 
is noted as the length of the insulation period increases. There 
was also a decrease in the gross dimensions of the testes as may 
be seen in Table 7. The ,"volume" given is the product of multi-
plying the three dimensions given and is of course not the true 
TABLE 7.-EFFECT OF SCROTAL INSULATION UPON THE SIZE OF RAM TESTES 
Ram No. Length of insulation Testis dimensions (em.) Testis "Volume" 
7 4- days 5.6 x 5.7 x 8.0 255.3 
14 1 week 4.6 x 4.9 x 7.5 169.0 
IS 2 weeks 5.4 x 5.9 x 10.2 324.9 (3 weeks recovery) 5.3 x 5.9 x 10.1 315 .8 
13 4 weeks 4.3 x 5.0 x 7.0 150.5 (3 weeks recovery) 4.5 x 4.7 x 8.2 173 .4 
9 8 weeks 4.6 x 5.0 x 7.8 179.4 
17 16 weeks 2.7 x 3.7 x 6.2 61.9 
, ·olume. The size of two partner testes, after three weeks' re-
covery, is also included. Obviously the testis from Ram 17 is 
greatly reduced in size as compared to the others. Apparently 
there was considerable variation in the size of testes at the begin-
ning of insulation, since a compa'rison of the two testes from Ram 
15 indicate that after two weeks of insulation the testis was no 
smaller than its partner that was allowed three weeks of recovery. 
After four weeks of insulation the testes of Ram 13 had apparently 
decreased in size somewhat since the testis removed' at the end 
of insulation was smaller than one removed after a recovery 
period of three weeks. 
The condition of testes removed from Rams 14, 15, 13 and 9 
after a three weeks' recovery period following insulation is of 
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interest when compared with partner testes removed at the end 
of the insulation period. A description of these testes follows. 
Ram 14. After the testis had been subjected to scrotal in-
sulation for one week, followed by a three-week period without 
insulation the germinal epithelium was more disorganized and 
degenerate than in the partner testis removed at the end of one 
week of insulation. More cells and debris from degenerating 
cells were present in the lumina, and most of the epithelium, 
except the spermatogonia, was gone in some tubules. Sperma-
tOZOa! were absent in many tubules , while almost all tubules in 
the testis removed at the end' of one week of insulation contained. 
spermatozoa. (See Figures 3 and 8.) 
Ram IS . In comparison with a testis removed at the end ()f 
two weeks of scrotal insulation the testes subjected to two weeks 
of insulation and then allowed a three weeks' recovery period 
showed much reconstruction and the cells in the epithelium were 
organized in a nearly normal manner. Comparatively few cells 
and debris were to be found' in the lumina. Spermatozoa were 
absent in a few tubules but were present in considerable numbers 
in the epithelium in most tubules, while at the end of two weeks 
of insulation no spermatozoon was present in the epithelium and 
only an occasional one in the lumina. (See Figures 4 and 9.) 
Ram I3. In the testis removed at the end of four weeks of 
scrotal insulation only a single layer of cells remained around the 
base of the tubules and the lumina were filled with degener3.te 
material. After being allowed a three weeks' recovery period the 
partner testis still presented a disorganized appearance, some 
tubule lumina were empty, while others contained masses of de-
generating material. However, instead of a single la-yer of sper-
matogonia around the base of the tubules, primary spermatocytes 
were present in most tubules and a few contained secondary sper-: 
matocytes. Spermatids or spermatozoa were not observed. (See 
Figures 5 and 10.) 
Ram 9. Instead of the disorganized appea;rance presented at 
the end of eight weeks of scrotal insulation this testis removed 
after being allowed a recovery period of three weeks showed 
marked reorganization. Most tubule lumina were fill ed with de-
bris and degenerating cells, but spermatogonia and primary sper-
matocytes were arranged in their normal positions in m ost tubules, 
secondary spermatocytes and spermatids were present in many 
tubules and some sperma!tozoa were also present. (See Figures 
nand 11.) 
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Fig. S.-Section of testis from Ham H at'ter one week of serota l i ns uln t.io tl 
f ollowed by a three weeks' reeover~' perioe!. ;-\(-)O,x. Not.e the sloughing of epithelial 
c('ll s, nnd 1l1:lI'I'ed c:>tol~'sis in all reg-ions of the germinal epithelium. DegeneratIon 
is more marked bere than in the partner testis r emoved- at the end of iusulatlon 
three weeks earlier lndieating th ilt degeneration, onee started, gOle·s to completion 
before regeneration begins. (cf. ];' ig. 3). 
Fig. H.-l:>ection of toe·sUs front Hum 15 after two weeks of scr otnl Insulation 
followed by a three weeks' recovery period. ;{60,x. Note that tIle ep ithelium ha-s 
regained a nearly llormlll org,lnlr.ution and spermatozoa are l>eing fo rmed. (ct. Fig. 
4). 
Fig. JO.--i"e ~tion of t.estis f r om Ham 13 after four weeks of scrotal Insu-llltion 
followed l' y [l t.J' ree weeks' recovery perioe!. :'60'x. In t he P:ll'l.,,,,l' t.est.is 1'e1110ve<1 
turee weeks enrlier only a single layer of cell s ",ns found around tile basement 
membrane. 'l' he presence of many p1'imary spermatocytes in tilis testis gives evidence 
of recovery. (Cf . l~ig . 5). 
Fig. n .- Section of te~tis from Ham !J after eigh t weel,s ot scrotal insnlation 
f ollowed by a three week~' r e·covery period. ;-)OOX . I llStP.:H l of tl", tlisor;:: 'lll ized 
cO:l dit ion found in the partner testis removed three weeks !':ll'lier this t('~tis hilS 
sperma to!,:onia and primary spermatocy tes arrangerl in a n e·arl y normal order, in-
dicating marked l'frgenerative changes during the recovery period. (Cr. i"ig-. 0) . 
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Young (1927) observed in guinea-pig testes subjected to high 
temperatures for brief periods that degeneration continued fo-r 
about twelve days, at which time the tubules were largely evacu-
ated of germinal epithelium and regeneration begun. Insulation 
is not comparable to high temperature applications for brief periods 
but from the conditions observed in Ram 14, it is obvious that 
degeneration was not complete at the end of one week of insulation 
but continued after removal of the insulation . The condit~ (;n of 
the testis from Ram 14 after heing subjected to one week of 
insulation and then allowed a three weeks' recovery period is not 
greatly different from the testis of Ram 13 removed at the end 
of four weeks of insulation. In both testes just mentioned the 
time from the beginning of insulation wa s four weeks. 
Testes subjected to longer periods of insulation than one 
week (two, four, and eight weeks) and then allowed a recovery 
period of three weeks all showed obvious signs of regeneration. 
Evidently the germinal epithelium of these testes had more nearly 
undergone complete degeneration at the end of the respective 
periods of insulation than had the testes subjected to only one 
week of insulation and consequently were able to begin regenera-
tion more quickly after removal of the insulation. 
Photomicrographs of sections of the testes obtained at the 
end of various periods of scrotal insulation. and of testes after 
being subjected to scrotal insulation for various periods and then 
allowed a three weeks' recovery period are shown in Figures 2 
to 11. 
III. The Effect of Scrotal Insulation Upon Ejaculated Spermatozoa 
of the Ram. 
Material.-The materials for this work cons isted of semen 
recovered from Hampshire rams which were subjected to scrota·l 
insulation for varying lengths of time. namely: four days , one 
-week, two weeks, four weeks, eight weeks, and sixteen weeks. 
Before applying the insulation a few semen samples were 
obtained from each ram. During and after the insulation period 
the rams were aUowed three services every third day, a sample 
of semen being obtained at the first service on each of these days. 
At the ends of the insulation periods one testis was removed from 
each ram, and three weeks later the remaining testis was removed, 
for histological study. 
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After recovering the semen, smears were made by placing a 
drop of the semen on a· slide and lightly drawing it out with 
another slide. The smears were allowed to air dry, then were 
fixed with heat (in oven at 100 0 C. for twenty minutes) , cleared 
in "chlorozene"*, washed, dried, stained for twenty seconds in 
Ziehl-Neelson's carbol fllchsint, washed and dried. 
In an earlier section of this paper it was noted that the in-
sulation used increa:sed the temperature of the scrotum about 2.20 
C. above normal. Observations include the types and numbers of 
abnormal spermatozoa that were produced by this amount · of 
insulation. Five hundred spermatozoa were observed in each 
smear, except in cases where spermatozoa: were so scarce as to 
make the counting of so large a number impracticable. In such 
cases only three hundred spermatozoa were observed. 
Presentation of Results.-The types of abnormal spermatozoa, 
the .number of each type, and the total number of abno·rmal sper-
matozoa observed in the semen of each ram before, during and 
after insulation are presented in Tables 8 to 13, inclusive. The 
numbers represent the number of each type of abnormality per 
thous -: nd spermatozoa counted . 
TABLE S.-NUMBERS AND TYPES OF ABNORMAL SPERMATOZOA OBSERVED IN 
SEMEN OF RAM 7 
..,...'-_. Total no. 
E nl3fged Broken abnormal 
T ailless Coiled Tapering mid dle at spermoto-
Time of obtaining semen heads tails heads pieces neck zo'a per M 
8 days before insulation _____ 12 60 4 76 
5 days before insulation _____ 14 38 2 54 
2 days beforeinsulation ___ __ 14 62 2 8 86 
First day of insulation. __ ___ 18 22 2 42 
Fourth day of insulation _____ 12 32 2 2 48 
Note: Insulation removed and one testis removed at end of fourth day . (See Fig. 2.) Ram died 
soon after removal of testis. 
The chief types of a,bnormal spermatozoa observed are illus-
trated in Figure 12. Other types that were observed include dark 
staining heads, head of normal size but with a short middle piece 
and tail, and in one sample of semen several objects that appeared 
to be tails, 'with no middle pieces, but attached directly to small 
fragments of heads were noted .. 
*UC:h1or?zene" i.s a . comI!lercial. prod,;!ct contai ning 5 % chlorozene (paratol uyene-sodium-sulpho-
chloramlde) In comhmatIon wIth s~d1Um blcarbona.te, sodium chloride, saccharin and eucalyptol. It is 
produced by the Abbott Laboratones of North ChIcago, Illinois. 
tThe formula for Zieh.1-Neelson's carbol fuchsin is as follows: 
Saturate~ a!coholtc s~luti~n of basic fuchsin __ __ ___ ________ ____ _______ _____ ______ 1 part 
5
U
% sOhl~lt'ofn ofhcarboltc aCId water _________ · _______ __ _____ ___ ___________________ 9 parts 
se w 1 e res . 
TABLE 9.-NuMBERS AND TYPES OF A BNORMA L SPERMAT OZOA OBS E RVED IN SEMEN OF R A M 14 
T ime o f obtaini ng semen 
Before insul ation ____ ____ ______ - --
Before insul a tion • •• . • .••.• . •.••.. 
lst day of insu lation _____ __ ____ __ 
4th day of insul,tion .......... . _. 
7th day of IRsul atlon . .. . _ . . . _ . . . . 
* 
* 
)th day after beginning insu lation 
3t h day after begin nin g insu lation 
6th day after beginning insul ation 
9th day after beginning insulation 
2nd day after begi nni ng insu lation_ 
25th day aft er beginning insulation 
28th day after beginning insulation 
*Few spermatozoa . 
Enlarged I Dar k 
Ta ill ess Coiled Tapering middle Broken staining Small 
hea ds tails heads pieces at nec k heads heads 
-----
216 8 8 
200 26 4 10 
152 70 6 2 4 2 
176 26 8 2 8 12 
28 38 8 
I nsu l.tlO!! take n off and one test is removed at end of seventh day 
26 I 42 I 134 122 8 78 192 6 6 
N o spermatozoa in semen 
128 I 90 I 66 2 4 164 92 56 16 
300 116 .52 12 48 
Note: Second test is removed at end of 28t h day afte r beginning of insu lation. Ram died soon after castrat ion. 
Filiform Middle 
mid dl e piece 
pieces beads 
2 6 
32 
20 
2 
Short I Total No. 
middle abnorma l 
piece spermato-
and t ail zoa per M. 
232 
240 
236 
240 
74 
68 
266 
282 
322 
352 
532 
~ 
ttl 
(fJ 
g! 
;>:j 
() 
::l1 
to q 
t'" 
5 
H 
Z 
N 
...... 
'J 
N 
'J 
TABLE IO.- NuMBERS AND TYPES OF ABNORMAL SPERMATOZOA OBSERVED IN SEMEN OF RAM 15 
Enlarged FjJiform Middle 
Tailless Coiled Tapering middle Broken middle piece I Large 
Time of Obtaining Semen heads tails heads pieces at neck pieces beads heads 
--------
Before insulation ___ ___ _________ ._. ___ . ___ ._._. ___ . __ __ 12 6 Eefore insula tiOD ___ _ _ . _____ . _ . ___ ._. _____________ _ _ _ _ _ 6 6 2 
Before insu latio n _______ . _. _. ___ . ___ ._. ___ ________ ____ _ 12 12 2 1st day of insulation ______ ______ ______ _________ _____ ___ 24 12 2 
4th day of insulation . _______ ____ ____________ ____ . ____ __ 20 28 
-2 4 7th day of insulat ion __ __ __ _______ _____ . __ ___ ____ _____ 6 26 10th day of insul . tion ___________ __ _____ ____ ____ ___ __ __ 50 44 8 13th d.y of insulation _________ ___ ______________ _______ 112 80 2 14 22 10 
Insulation taken off and one testis removed at end of 14th d.y 
16th day .fter beginning insul.tion ___ __ __ _________ ... ____ 52 64 30 10 
19th d.y after beginning insul.tion___ ____ ______ ____ _____ 38 100 14 4 
22nd d.y after beginning insulation______ _______ __ ___ __ _ 28 470 42 4 6 
25th day after beginning insulation____ ____ ___ ___ _____ ___ 154 198 54 2 
28th day after beginning insulation __ ______ .. __________ ___ 50 184 68 4 26 
31st day .fter beginning in':1lat;on__ ___ ______________ ___ 70 204 62 18 22 
34th d.y after beginning insulation__ ____ ______ ___ ____ ___ 250 44 24 
4 
Second testis remoyed at <nd of 35th day after beginning insulation 
37th day after beginning insulation____ _________________ _ 186 58 42 2 18 
40th d.y .fter beginning insul.tion________ _________ _____ *142 122 44 4 16 
43rd day after beginning insulation _________ ______ .. ____ __ * 
46th day after beginning insulation_______ ____________ ___ 1: 
49th d.y after beginning insul.tion_________________ _____ * 
52nd day after beginning insulation_ _ ___ ____ _____ ______ _ ** 
55th d.y aft<r beginning insulation_____ ________ _________ ** 
5 8th day after begi nning insulation__ __ _____________ __ _ __ ** 
61st day after beginning insulation____ ____ ___ _____ ______ ** 
64th day after beginning insulation____ ___ ____________ ___ ** 
67th day after beginning insul.tion___________________ ___ ** 
73rd day aJtrr heginning insulation ___ ________ ____ . . __ .. ** 
*Few spermatozoa. **Verr ff'w spermatozoa. 
Total No. 
abnormal 
5permato-
zoa per M. 
18 
14 
26 
38 
52 
34 
102 
240 
158 
15R 
550 
410 
334 
380 
324 
308 
328 
tV 
00 
~ 
H {fl 
{fl 
0 
C 
~ 
>-Cl 
~ () 
C 
r 
.., 
C 
l>O 
> r 
trJ 
X 
"j 
r-l 
~ 
;;::: 
t'l 
Z 
>-l 
{fJ 
>-l 
> 
>-l 
H 
0 
Z 
TABLE 11.-NuMBERS AND TYPES OF ABNORMAL SPERMATOZOA OBSERVED IN SEMEN OF RAM 13 
Time of Obtaining Semen 
Before insulatioo __ ___ ._ --. _____ _ 
Before insulation. __ __ . ___ ._ . ___ _ 
Before insulation. _______ - .- -- .- -
Before insulation _____ ._. ___ ._._ . 
1st day of insulation ____________ _ 
4th day of insulation ____ ________ _ 
7th day of insulation ____________ _ 
10th day of insulation ___________ _ 
13th day of insulation __ ____ . ____ _ 
16th day of insulation ____ . ______ _ 
19th day of insulation ___________ _ 
22nd day of insulation ___________ _ 
25th day of insulation ___ ________ . 
28th day of insulation _________ _ 
4 
4 
4 
1st day after beginning insulation 
4th day after beginning insulation 
7th day af.ter beginning insulation 
Oth day after beginning insulation 
3rd day after beginning insulation 
6th day after beginning insulation 
9th day after beginning insulation 
Tailless 
heads 
80 
62 
20 
12 
26 
16 
38 
612 
** 
** 46.1 
505 
** 
** 
" 
*' 
** 
** 
** 
*' 
** 
Coiled 
tails 
66 
46 
14 
14 
32 
342 
520 
162 
275 
240 
Tapering 
heads 
5 
10 
Enlarged 
middle 
pieces 
105 
5S 
Broken 
at' neck 
I; 
4 
2 
2 
4 
6 
6 
5 
30 
[llsulation taken off and one testis removed on 28th day 
Note: Second testis removed on 49th day. Ram died soon after castration. 
*Few 8permato~oa. **Very few spermatozoa. 
Filiform Short 
middle mi.ddle piece 
pieces and tail 
IS 
10 25 
I Total No. ab-
normal sperma-
tozoa per M. 
154 
112 
34 
28 
60 
362 
564 
780 
R70 
H75 
~ 
t'1 
(f) 
t'1 
>-~ 
() 
::G 
to 
t:! 
H 
t-< 
r.1 
., 
>-< 
Z 
N 
..... 
'-l 
N 
\0 
TAB LE 12 .-NuMBERS AND TYPES OF ABNORMAL SPE RMATOZOA OBSERVED IN SEME N OF RAM 9 
Time of Obtaining Semen 
Before lOBulatio n _ __ _ 
Before insulation __ ____ __________ _ 
Ist day of insulation ___ __ ___ __ ___ _ 
4th day of in. ulation ___ _____ _____ _ 
7t h day of insu lation ______ _______ _ 
10th day of insul ation __ ___ _____ __ _ 
13th day of insulation __ __ __ ____ __ _ 
16th day of insulation ___ ______ ___ _ 
19th day of in8ulation ___ _________ _ 
22nd day of insul ation ____ _____ __ _ 
25th day of in8ulation ___ ______ ___ _ 
28th day of insulation ______ ___ __ _ _ 
3Ist day of insul ation _______ _____ _ 
34th day of insulation ___ ____ ___ __ _ 
37th day of insulation ____________ _ 
43rd day of insulation ____________ _ 
46th day of insulation ________ ____ _ 
49t h day of insulation __ __________ _ 
52nd dal' of insulat ion _______ ____ _ 
55th day of insulation ______ ______ _ 
T ailless 
heads 
26 
30 
20 
10 
52 
746 
244 
*56 
*162 
** 
** 
** 
** 
** 
** 
** 
** 
** 
*~ 
** 
Coiled 
tails 
26 
24 
18 
14 
40 
128 
134 
166 
114 
Tapering 
heads 
2 
20 
27 
E~\~'J\~d 
pieces 
6 
4 
Broken 
at neck 
---
12 
2 
2 
20 
6 
12 
4 
3 
Fillform 
middle 
pieces 
- ----
2 
2 
2 
I nsulation taken off and one testis removed on 56th day 
58th day after beginning insulation _ \ 
6Ist day after beginning insulation 
64th day after beginning insulation 
** 
** 
** I I 
Note : Became sick and died following testis removal on 56th day. 
*Few spermatozoa. **Yery few spermatozoa. 
Short 
Middle midd~~liece 
piece 
beads t all 
------
2 
Total No. 
abnormal 
Large heads 
spe rmato-
zoa per M. 
64 
.14 
40 
26 
112 
890 
400 
2 250 
309 
· 0 > 
o 
~ 
H 
U> 
r.n 
o 
c:! 
:;Q 
H 
~ 
H ("l 
c:! 
S; 
c:! 
:;Q 
:.-
l' 
t:r1 
X 
"d 
\;J 
i 
til 
Z 
>-i 
(f) 
>-i 
~ 
o 
Z 
TABLE 13.-NuMBERS AND TYPES OF ABNORMAL SPERMATOZOA OBSERVED IN SEMEN OF RAM 17 
Time of Obtaining Semen 
Before insula tion ___________ __ ________ ___ _ 
Before insulation __ ___________ ___ ____ ____ _ 
1&t day of insulation _____________________ _ 
4th day of insulation __ 
7th day of insulation __ _ 
10th day of insulation ________ _________ __ _ 
13th day of insulation __ _ 
16th day of insulation __ _ 
19th day of insulation __ 
22nd day of insulation ___ _ 
25th day of insulation __ 
28th day of insulation __ _ 
31st day of insulation ________________ ___ _ _ 
34th day of insulation ____________ _______ _ 
37th day of insulation __ _ 
40th day of insulation __ _ 
43rd day of insulation __ _ 
46th day of insulation_ 
49th day of illsulation ____ _____ ________ __ _ 
52nd day of insulation _____________ _____ _ _ 
55th day of insulation __ _ 
58th day of insulation __ 
1st day of insulation ___ _____ ____________ _ 
64th day of insulation __ 
67th day of insulation __ 
70th day of insulation __ _ 
af73rd day of insulation _____ ________ _____ _ 
7 th day of insulation __ _ 
79th day of insulation ___________________ _ 
**Very few spermatozoa. 
Tailless heads Coiled tails 
130 24 
60 40 
110 54 
50 68 
22 26 
24 398 
248 248 
No spermatoloa ejaculated 
934 I 8 876 44 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
Tapering 
heads 
6 
14 
20 
Enlarged 
middle pieces 
Broken 
at neck 
22 
4 
8 
12 
4 
--6 
4 
8 
Middle piece 
beads 
4 
No. of abnormal 
spermatoza per M. 
178 
104 
172 
130 
52 
422 
512 
960 
948 
;::0 
[7j 
en 
[7j 
>-~ 
(") 
:r: 
t:;::j 
d 
r< 
5 
.... 
Z 
N 
...... 
'l 
w 
...... 
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Tailless 
Taperinq Hedd 
EnLarged Middle 
~ie(e 
Double Hedd 
AGRICULTURAL EXPERB1 ENT STATION 
r 
Coiled Tail 
Broten dL Neck. 
Middle Pic.ce 
.Betid 
Double Tail 
~ 
Coikd Tail 
filiform Middle 
-Piecc 
Cylopldsmic Exlrusion 
.at, f)ase of HCdd 
Pi~. J2.-'l' .\·pes of abnormal spermatozoa. 
Table 1{ gives a summary of the total number of abnormal 
spermatozoa per thousand noted in the semen befo're, during, and 
after insulation of each of the six rams of which detailed infor-
mation is given in Tables 8 to 13 inclusive. 
The preceding tables (Tables 8 to 14 inclusive) present several 
interesting points. Rams 14, 13, and 17 show high abnormal 
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TABLE H.-EFFECT OF SCROTAL INSULATION AS NOTED ON EJACULATED 
SPERMATOZOA. FIGURES GIVEN DENOTE TOTAL NUMBER OF 
ABNORMAL SPERMATOZOA PER THOUSAND SPERMATOZOA 
Ram 7 Ram 14 Ram 15 Ram 13 ' Ram 9 Ram 17 
Time of obtaining semen 4 day 1 Wee k 2 weeks 4 weeks 8 weeks 16 weeks 
josul. insul. insul. insul. insul. insul. 
Before ins·u lation _ . _______ _ . _. ____ 76 232 18 154 64 178 
Before insulation ____ . ____________ 54 240 14 Il2 54 104 
Before ins ula tion. _______ . ________ 86 26 34 
Before insulation ______ _____ ___ . __ 28 
1st da y after beginning insulation __ 42 236 38 60 40 172 , 
4th day after beginning insulation __ 48 240 52 362 26 130 
7th day after beginning i.nsulation __ (Ram 34 died) 74 564 112 52 
10th day after beginning insulation. 6S 102 780 890 422 
13th day after beginning insulation __ 266 240 ** 400 512 
16th day after beginning insulation __ 2R2 158 ** 250* 19th day after beginning insulation __ IS S 870* 309* 960 
22nd day after beginning insulation __ 322 550 875* ** 948 
25th day after beginning insulation_~ 352· 410 
.* ** ** 27th day after beginning insulation __ 532* 334 ** ** ** 31st day after beginning insul ation __ (Ram 
** died) 380 ** ** 34th day after beqi,nning insul.:ttion __ 324 ** ** ** 37th day after begi nning insu lation __ 30B ** ** ** 40th day after beginnin~ insulation __ 32S* ** ** 43,46,49 days <lfter beginning insuln.-
tion _____________ ___ __ _______ 
** ** 
*. 
** 52, 5?, 58, 6.1, 64 days after beginning 
(Ram msulatton ____________________ 
died) ** ** 67,70, 73. 76. 79 days after beginning 
Insuintton ___ _____ .:. ____ __ __ ___ ** (Ram 
died) ",* 
Time of removal of insulation and End of End of End of End of End of End of 
one testis 4th day 7th day 14th day 2Sth day 56th day 108th day 
of instil. of in suI. of instil. of instIL of instIL of insul. 
Time of remova l of second testis End of End of r.nd of 
28th day 35th day 49th day 
begin. begin. begin. 
instIl. instil. insul. 
*Few spermatnoa **Very few sperm<ltoloa. 
:opermatozoon counts during the first few days, the count dropping 
down considerably in a short time. This condition was noted' 111 
several rams by McKenzie and Phillips (1933) and is believed to 
be the result of physiological degeneration of spermatozoa in the 
vas deferens. The rams had been sexually inactive for some 
months preceding their use in this work. After a few services 
these degenerating spermatozoa were cleared out and normal 
spermatozoa were ejaculated . A comparable condition was noted 
in guinea-pigs by Simeone and Young (1931) in their study of the 
fate of non-ejaculated spermatozoa. 
In Rams 14, Hi, 13, 9 and 17 a marked increase in the propor-
tion of abnormal spermatozoa ejaculated was noted within a short 
time after applying insulation. The time of appearance of the 
first increa·se of abnormalities varied somewhat and will be dis-
cussed in a later paragraph. Ram 7 died before the effect of 
insulation upon the ejaculated spermatozoa could be noted. 
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The effect of insulation upon the number of the various types 
of abnormal spermatozoa is of interest. The number of tailless 
hea:ds and spermatoioa with coiled tails increased very markedly 
as a result of insulation. It seems possible that the coiled tail 
abnormality might be a predecessor of the tailless head since, 
especially in Rams 13 and 17, it may be noted that a marked in-
crease in coiled ta:ils appeared first, followed shortly by a marked 
decrease in the proportion of coiled tails. Assuming that most of 
the increase in abnormalities noted resulted from interference with 
spermatogenesis, a more probable explanation would seem to be 
tha:t the increased temperature resulted in coiled tails on the sper-
matozoa that were practically mature at the time o-f insulation, 
while the tailless variety resulted from interference at all earlier 
stage in spermatogenesis. 
In all ca:ses an increase in the proportion of tapering heads 
was noted after the insulation had been applied for some time. 
An increase in the number of enlarged middle pieces was noted 
in Rams 14, 15, 13 and 9, and this was especially marked in Ram 
J 3 where 105 enlarged middle pieces per thousand appeared on 
the nineteenth day of insulation. A notable increase in the pro-
portion of spermatozoa broken at the neck occurred in Rams 14, 
J.5 and 13. 
Other types of abno-rma·lities that appeared in the various 
rams at various times after the beginning of insulation include 
small heads, filiform middle pieces, middle piece beads, larg.e 
heads, and short middle pieces and tails . 
In Rams 15 and 19 it will be noted that the number of ab-
norma:l spermatozoa ejaculated increased to a peak, then lessened 
before the supply of spermatozoa was exhausted. The explana-
tion offered here is that the main bulk of abno·rmal spermatozoa 
produced by fhe increase in temperature was given off at the 
time of the highest abnormality count just mentioned and after 
this time, since spermatozoa were not being formed, the most 
of the spermatozoa given off were those held along the sides of 
the vas deferens and epididymis, and not passing through with 
the main group of spermatozoa. 
As was indicated above, the time at which the first increa:se 
in abnormal spCJrma:tozoa ejacula.ted was noted varied,in the 
different rams. This is given, along with other data, in Table 15 
and ranges from four to thirteen days. 
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TABLE IS .-SHOWING RELATION OF NUMBER OF DAYS AND SERVICES FOLLOW-
ING INSULATION TO TIME OF ApPEARANCE OF ABNORMALITIES IN 
SEMEN AND EXHAUSTION OF SPERM SUPPLY 
No. of days after be- No. of services from 
ginning of insulation insulation until first Da ys from No. of services from 
Ram till first increase in increase in abnormal beginning of insula- beginning of insula .. 
no. of abnormal spermatozoa was ticn until sperm sup- tien until sperm sup-
spermato",oa noted ply was exhausted ply was exhausted 
_. 
14 13 12 
15 10 II 
13 4 4 13 9 
9 7 5 22 18 
17 10 9 25 15 
Average 8.8 8 . 2 20 14 
The data in Table 15 are of especial interest in connection 
with the time required by spermatozoa to pass from the testes 
to the distal end of the vas deferens. Assuming that all or most 
of the sperm abnormality increases resulted from changes in sper-
matozoa during spermatogenesis, and thus having their origin 
in the testes, the time from the beginning of insulation until the 
appearance of the abnormalities, produced by this insulation, in 
the ejaculated semen would be an approximate measure of the 
maximum time required by those spermatozoa: in traversing the 
epididymis and vas deferens. There are obviously individual dif-
ferences in the time required for this passage, and this is further 
substantiated' by the figures given in Table 15 showing the number 
of services from the time of insulation until an increase in the 
proportion of abnormal spermatozoa: was noted. Where fewer 
days were required for the increase in abnormal spermatozoa to 
appear, also fewer services had been had by the ram from the 
time of beginning of the insulation until the time of the first 
increase in abnormalities. 
It is also interesting to note in Table 15 that those rams in 
which abnormal spermatozoa appeared most quickly in the ejacu-
lated semen after insulation were also the ones in which a scarcity 
of spermatozoa was first noted. 
The average time required for the appearance of the first 
increase in abnormal spermatozoa was 8.8 days, and. up to this 
time (from the time of insulation) an average of 8.2 services had 
been allowed. Abnormalities were probably not produced imme-
diately so the time required for sperma:tozoon passage from the 
testes to the distal end of the vas deferens was, at the rate of 
service indicated, probably somewhat less than 8.8 days. In the 
guinea-pig Toothill and Young (1!)31) found the time required 
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for the passage of spermatozoa from the head of the epididymis 
to the a'nterior end of the vas deferens to be between 14 and 18 
days. When the animal had had two electrically produced ejacu-
lations the time was about two days less. 
In Rams 13, 9 and 17 (insulated for I!, 8 and 16 weeks re-
spectively) the supply of spermatozoa was almost exhausted at 
13,22 and 25 days after :the beginning of insula tion. A few sperma-
tozoa were to be found in the semen after this time, but, as was 
noted in a preceding section of this paper. spermatozoa were not be-
ing produced and these few remaining- spermatozoa were probably 
some that had remained in the vas deferens and epididymis. Ram 
] 5 was insulated for t"vo weeks, and although spermatogenesis 
had practically ceased, as was noted in a preceding section, a 
sufficient number of spermatozoa were held in the epididymis to 
keep a notable number in the ejaculated semen until the remaining' 
testis recovered sufficiently to produce more. Eight days after 
removal of the second testis the supply of spermatozoa was prac-
tic211y exhausted. Ram III continued to copulate at regular in-
tervals for six weeks after complete castration, but his interest 
diminished considerably during this time. 
It may be note,i that four of the six rams died after removal 
of the first or second testis. The rams were in good health up 
to this time and the only reasons suggested for so many deaths 
are (1) that the group of rams, all closely related. may have had 
poor resistance to infection. or (2) some particularly yirulent 
type of bacteria might have been present in unusual numhc;'" in 
the shed where the rams were kept. 
IV. The Effect of Abdominal Temperature on the Morphology 
of Guinea-Pig Spermatozoa. 
In a previous section of this paper the· effect of scrotal insu-
lation upon the ejaculated spermatozoa of the ram was described. 
Withna short time after the beginning of insula'tion a marked 
increase in the proportion of abnormal spermatozoa was noted. 
The question arises as to whether these abnormalities resulted 
from changes in fully formed spermatozoa or whether they re-
sulted from fa ulty spermatogenesis after the testicular temperature 
was increased by insulation. 
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Material.-To determine the effect of abdominal temperature 
upon fully formed spermatozoa guinea-pigs were used. The tech-
nique is described briefly below. 
Guinea-pigs were anesthetized, a region on the abdomen 
sha:ved, an incision made along the median line of the abdomen, 
and the testes withdral'm through thi5 opening. The epididymi 
were then ligated at a point approximately at the mid-point from 
either end of the testes. One testis was then returned to the 
scrotum and the other sutured to the abdominal wall. 
This operation left the proximal epididymis connected with 
the testes normally, but the distal epididymis and the va:s deferens 
\vere isolated from any sperm supply. At various periods after 
operating, animals were killed and spermatozoon smears made 
from the following sections of the genital tract, slides being made 
from both the scrotal and abdominally retained tract: 
(a) Testes, (b) Proximal epididymis, (c) Distal epididymis, 
(d) Proxinal vas deferens, (e) Distal vas deferens. 
The times of obtaining smears were as follows: 4 days, 1 
week, 2, 4, 6 a:nd 8 weeks after operation. No slicle' was obtained 
from the scrotal testis and tubes at six weeks after operating. By 
comparing the condition of spermatozoa from the distal epididymis 
and the vas deferens whem held in the body cavity with sperma-
tozoa from these tubes when in their normal position any effect 
of the abdominal tempera:ture on the fully formed spermatozoa 
could be noted. 
The slides were prepared · as follows: after removal of the 
genital tract sections were removed from each of the divisions 
noted above, macerated in Ringer's solution, and smears made 
from this solution. The smears were stained with Ziehl-N eelson's 
carbo! fuchsin. This technique is described in detail in an earlier 
section of this paper. 
Presentation of Results.- The various types of abnormal sper-
matozoa , the proportion of · each type, and the total number of 
abnormal spermatozoa per thousand observed in the slides from 
each division of the genital tract (both the normally located · and 
the abdominally retained divisions of the tract) at the various 
periods after operation are given in Tables 16-20. Observations 
On spermatozoa from each division of the genital tract are given 
111 a separate table. 
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The names of the various types of abnormalities which are 
listed are largely self-explanatory, and in general are the same as 
those previously described in ram spermatozoa in the section con-
cerning the effect of scrotal insulation upon the ejaculated sper-
matozoa of the ram. One type of abnormality, listed in the tablf!s 
as "Triple or more tails" appeared to be groups of three or more 
degencr<l!ting spermatozoa, the heads of which had become fused 
so as to present a single, but somewhat irregular outline. 
In each of Tables 16-22, the last column indicates the total 
number of abnormal spermatozoa observeCl per thousand exclusive 
of those having coiled tails. This column is included in addition 
to the one he<l!ded "Total No. Abnormal Spermatozoa per M" 
since it seems probable that the coiled tail abnormality in this 
case might.result from treatment in preparing the slides, or that 
this might be a characteristic of the younger spermato'zoa. 
In Table 16, it will be noted that spermatozoa were not found 
in testes held in the <l!bdomen two weeks or longer. After being 
held in the abdomen one week, spermatozoa were very scarce. 
In testes returned to the scrotum after epididymis ligation sper-
matozoa were plentiful at all the times after operating that slide's 
were made and, though there was some variation in the number of 
<l!bnormal spermatozoa observed (136 to 237 per M), there seemed 
to be no tendency for the number to increase as the length of 
time after epididymis ligation increased. 
Normally very few spermatozoa CQuld be found in the proxi-
mal epididymis, so they apparently passed rather quickly from 
the testes to the distal portion of the epididymis. 'The sperma-
tozoa found in the proximal epididymis in these anima:ls then 
must have collected there after ligation. 
In Table 17, it will be noted that no spermatozoon was found 
ill the proximal epididymis at 4 and 8 weeks after ligation of the 
epididymis, the testis being held in the scrotum during these times. 
J n Table 16, it may be noted that in the corresponding testes 
sperma'tozoa were present. Apparently the spermatozoa in this 
portion of the epididymis at the time of, or shortly after ligation 
had degenerated and none had come in from the testes although 
spermatozoa were present there. 
In epididymi held in the abdomen spermatozo3. were found 
only at four days and one week after ligation a:wl elevation tO'the 
abdomen. At one week after ligation and abdominal retention, 
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the number of abnormal spermatozoa was considerahly higher 
th:m in a:ny of the other smears from this section of the tract. 
These abnormalities probably resulted from faulty spermatogenesis 
·.hte to the increased temperature and came into the proximal 
epididymis soon after ligation. 
To obtain the numbers presented in Table ?1. the numbers 
from Tables 18, 19 and 20 were a\'eraged, so the numbers represent 
averages of the abnormal spermatozoon numbers ohservecl in the 
d:~t;tl epididymis and in the proxima! and distal vas (leferens. The 
flgures have in turn been combined to obtain averages for com-
paring the condition of sperma:tozoa held in the epididymis in its 
normal location with those held in the abdomen. The six weeks 
abdominal stage was not included in Table 21 since there was no 
corresponding scrotal stage for comparison. 
The numbers in Table 22 were taken, with one exception, 
from Table 21. These figures illustrate the gradua:l course of 
degeneration of the spermatozoa in these sections of the male 
genital tract after the supply of spermatozoa was shut off by 
ligation. The rate of degeneration appeared to be no fa:ster in 
tubes retained in the abdomen than when in their normal position. 
Young (1929) and (1931) Simeone and Young (1931) found 
that spermatozoa were normally removed from the vas deferens 
of sexually inactive guinea:-pigs without passing on to the urethra, 
the removal process being the d'egeneration' and resorption: of the 
aged spermatozoa. Spermatozoa were not found in !he distal epi-
didymis nor in the vas deferens at eight weeks after ligation of the 
epididymis so all spermatozoa must have degenerated and been resorbed 
by this time. 
In Table 21 the average total number of abnormal spermatozoa 
in tubes in their normal location was 147 and 120 in those ab-
domina:lly retained (Table 21). Thus there is no indication from 
this work that abdominal temperatures increase the rate of de-
generation from a morphological standpoint. By analogy these 
results would indicate that the increase in abnormal spermatozoa 
ejaculated by rams following subjection to scrotal insulation which 
was described in a previous section of this paper probably resulted 
from faulty spermatogenesis. 
TABLE 16.-NuMBERS AND TYPES .OF ABNORMAL SPERMATOZOA FROM GUINEA- PIG TESTES IN SCROTUM AND IN ABDOMEN . 
Guinea-
pig 
number 
-----. 
16 
17 
18 
20 
19 
16 
17 
18 
20 
21 
19 
Guinea-
nu~ter 
16 
17 
18 
20 
19 
16 
17 
18 
20 
21 
19 
-
NUMBERS INDICATE NUMBER PER THOUSAND SPERMATOZOA 
Time after Total 
ligation of No. ab- Total No. ab-
epididymis En- Double normal normal soerma,;. 
and loca- Tapcr- larged Bent Broken Filiform heads Dark- sperma- tozoa per M. 
tion of Tailless Coiled ing middle Broken middle middle midd le Double Double and staining tozoa exclusive o f 
tes~is heads tails heads pieces at neck pieces pieces pieces heads tails t3iis heads per M. coiled tails 
--------- -------- ------------------------ -------- --------
4 Days S* 159 342 3 6 15 27 6 ii; 6 
15 
-- --
579 237 
I Week S 96 664 24 8 8 
-- . -- -- --
816 152 
2 Weeks S 72 40 32 56 36 4 4 
--
8 
-- --
252 212 
4 Weeks S 36 196 8 16 8 
--
4 32 32 
--
332 136 
8 Weeks S 92 112 12 12 8 
-- --
40 4 
-- --
8 288 176 
---- - - --------------- ---------------- -------
4 Days A** 84 136 4 28 16 12 32 20 4 16 4 356 220 
1 Week A 220 80 20 20 
"'" 'I" ""mr,;;;' 20 10 -. 370 290 2 Weeks A No spermatozoa 4 Weeks A No spermatozoa 
6 Weeks A No spermatozoa 
8 Weeks A No ~~_~matozoa 
---- - --- --- -
*S-in scrotum **A-in abdomen 
TABLE 17.-NuMBERS AND TYPES OF ABNORMRL SPERMATOZOA FROM PROXIMAL EPIDIDYMI OF GUINEA-PIGS 
(SCROTAL AND ABDOMINA!.) . NUMBERS INDICATE NUMBER PER THOUSAND SPERMATOZOA 
En· Total No. abnormal 
Time after ligation Taper- ~r3d~e Bent Broken Middle Toul No. abnormal spermatozoa per 1\1. of epididymis and 'ailless Coiled ing Broken middle middle piece Double spermatozoa exclusive of coiled 
Jocation of testis heads tails heads pieces at neck pieces pieces bead. tails per M . tails 
----------------------------
4 Days S 38 440 8 16 2 2 
--
4 510 70 
1 Week S 110 28S 6 16 6 2 2 
-- --
430 H2 
2 Weeks S 99 12 12 45 6 9 
-- -- --
183 171 
4 Weeks S no spermatozoa 
8 Weeks S no sperma tozoa 12821--1-2- --------------------4 Days A 10 18 H +2 4 
--
392 110 
1 Week A 252 72 8 40 12 8 4 
- -
396 324 
2 Weeks A no s!>e-rrnatozo~ 
4 Weeb A no spe rmatozoa 
6 Weeks A no spermatozoa 
8 Weeks A no r;permat07.0a 
- - -_ ._ - -
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Guinea-
pig 
Dumber 
16 
17 
18 
20 
19 
16 
17 
18 
20 
21 
19 
Guine3-
pig 
number 
16 
17 
18 
20 
19 
16 
17 
18 
20 
21 
19 
TABLE I8.-NuMBERS AND TYPES OF ABNORMAL SPERMATOZOA FROM DISTAL EPIDIDYMI OF GUINEA-PIGS 
(SCROTAL AND ABDOMINAL) . NUMBERS INDICATE NUMBER PER THOUSAND SPERMATOZOA 
Time after 
li ga tion of En- Total No. 
epididymis Taper- ~[Sd~ Bent Broken Dark- Triple abnormal and loc at ion Tailless Coi led ing Broken middle middle Double Double staining or more spermatozoa 
of testis heads tails head. pieces at neck pieces pieces heads tai ls h<ad. tails per M. 
---------------------------
4 Day. S 56 222 30 16 2 2 4 
--
20 
--
--
3-'2 
I Week S 14 370 6 10 8 
--
6 
- -
16 
--
430 
2 Weeks S 22 86 4 6 
-6 106 
14 72 
-
110 314 
-1 Weeks S 30 166 10 14 206 4 
-- -- --
'<42 
8 Week. S no sperma tozoa 
--- ---------------------- ----
4 Days A 22 242 14 16 
- . 4 8 12 
-i 318 1 Week A 6 234 6 4 2 2 2 12 4 274 
2 Weeks A 14 72 14 2 4 6 13 
--
62 
--
108 296 
4 Weeks A 46 12 2 4 2 228 16 
-- -- --
310 
6 Weeks A 14 20 10 12 
--
320 30 
--
f 
-- --
410 
8 Weeks A no spermatozoa 
--
Total No. ab-
normal sperma-
tozoa per M. 
exclusive of 
("oiled tails 
130 
60 
228 
376 
76 
40 
224 
298 
390 
TABLE I9.- NuMBERS AND TYPES OF ABNORMAL SPERMATOZOA FROM THE PROXIMAL VAS DEFERENS OF GUINEA-PIGS 
(SCROTAL AND ABDOMINAL). NUMBERS INDICATE NUMBER PER THOUSAND SPERMATOZOA 
T im e after Total 
ligation of No. ab- lotal No. ab-
epididymis En- normal normal spcrma-
and loca- Taper- larged Bent Bro):en Middle Dark- Triple sperma- to"lOa per ~1. 
tion of Tailless Coiled iog middle Broken middle middle piece Double Double staining or more tozoa exclusive of 
test is heads tails h('ads pieces at neck pieces pieces beads heads tails heads tai ls per \1. coiled tails 
---- ------------ --------------------------------
4 Days S 14 292 32 12 
--
4 
--
--
8 2 
--
364 72 
1 Week S 44 356 12 4 12 
-- -- --
12 
--
440 84 
2 Weeks S 12 72 8 8 4 
--
56 
--
68 228 1.56 
4 VI' oeks S 60 249 18 27 18 
--
87 12 
-- --
3 
--
474 225 
8 Weeks S no sJi>crmatozoa 
---- - ----------------------------------- --------
4 Days A 2 266 42 8 2 
--
4 
-- --
lD 
--
--
334 68 
1 Week A 12 296 14 6 
-- -- --
-3 4 -- 89 332 36 2 Weeks A 75 63 21 3 
-8 io 12 -- 53 -- 319 256 4 Weeks A 84 14 10 4 2 
-- --
4 
-- --
136 122 
6 Weeks A 27 15 9 42 
--
SOl 18 
-- -- -- -- --
612 597 
8 Weeks A no spermatozoa 
--
-_ ._- ----
~ 
r.:I 
[fJ 
r.:I 
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n 
::G 
:0 
rj 
t'" 
rl 
~ j 
Z 
N 
>-' 
" 
.j>. 
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Guinea-
pig 
numbe r 
16 
17 
lR 
20 
19 
16 
17 
l R 
20 
21 
TABLE 20.-NUMBI':RS AND TYPJ;:s OF ABNORMAL SPERMATOZOA FROM THE DISTA L VAS DEFERENS OF GUINEA-PIGS 
(SCROTAL AND ABDOMINAL). N UMBERS INDICATE NUMBER PER THOUSAND SPERMATOZOA 
T ime after Total No. ab-
li gation of F.a- Total No. normal sperma-
epididymis Tape r- larged Ben t Broken Middle Filiform T riple abnormal tozoa per l\.i:. 
and location Taill ess Coiled ing midd le Broken middle midd le piece middle Double or more spermatozoa exclusive of 
o f testis heads tails heads pieces at neck pieces pieces beads pif'ces ta ils tai ls per M. coiled tai ls 
------------------------ - --- --------
4 Days S 16 168 14 10 8 
--
4 10 
--
2 
--
232 64 
I Wee k S 16 308 6 2 2 
--
2 
-- 40 2 44 338 30 2 Weeke S 66 96 6 6 2 
--
6 
-6 -- 266 170 4 Weeks S 36 192 38 18 12 
--
70 
-- -- --
372 180 
8 Weeks S no s permatozoa 
- - -- ---------------- - -------
--------
4 Davs A 22 286 26 lD 
- - --
10 
--
2 
--
356 70 
1 Week A 18 266 6 8 
-5 -- 4 -- 4 4 io 310 44 2 Weeks A 15 175 25 
--
-9 -- -- 20 260 85 4 Week. A 60 21 9 30 12 
4Sj -- - - -j -- 141 120 6 Weeks A 15 12 12 24 6 3 
-- -- --
558 546 
- -----
19 
___ ~ We.e~~ ____ ~ ____ no spermatozoa 
T A B LE 2 1.- N uMBERS AND TYPES OF ABNORMAL SPERMATOZOA FROM D ISTA L Epi DIDYMIS, PROXIMA L AND D ISTAL VAS DEFERENS 
OF GUINEA-PIGS. F I GURES ARE AVERAGES TAKEN FROM TABLES 18, 19, AND 2 0 
Total 
No. ab-
normal 
Time after Total 
sperma-
tozoa 
ligation of No. ab- per M . 
epididymis En- norma l exclu-
Guinea· and loco- Taper- larged Bent Broken Middle Filiform Dark- Triple sperma- sive of 
pig tion of Tailless Coiled ing midd le Broken middle middle piece middle Double Dou ble staining or more tozoa coiled 
number testis heads tails heads pieces at neck pieces pieces beads pieces heads tails heads tails per M. tai ls 
------------------------------- - --- - ---- - ---
----------- -
16 4 Days S 29 228 25 13 3 1 4 3 
-- - -
lD 1 
--
317 89 
17 1 Week S 25 345 S 5 7 
--
3 
-- -- --
lD 
--
403 58 
18 2 Weeks S 33 85 6 7 2 j5 7 -- 56 74 270 185 20 4 Weeks S 42 202 22 20 lD 121 6 
--
I 
--
I 
--
460 258 
-- - - - - -------- - - -- - ----------- ---------------- - --- --------
- - --
Average 32 215 15 11 5 9 34 2 
--
I 19 1 18 362 147 
-
---- - ----------- ---------------- --- - ---- - - -- - --- ------------
16 4 Days A 15 265 27 11 1 1 7 
--
-i 8 -i -i 335 70 17 1 Week A 12 265 9 6 
-3 1 2 -- I 7 306 41 18 2 Weeks A 35 103 20 2 2 9 
-- - -
I 45 
--
12 292 189 
20 4 Week. A 63 16 7 13 7 79 9 
-- -- --
I 
-- --
195 179 
--- - ---- ---- - --- - --- - - ------ - --- - -------
--- - --- - ------------
Average 31 162 16 8 3 21 7 
--
I 1 15 1 l R 282 120 
- --- - - -----
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TABLE 22.-ToTAL NUMBER OF ABNORMAL SPERMATOZOA (E XCLUSIVE OF COILED 
T AILS) OB SERVED I N DISTAL EPIDIDYMIS, PROXIMAL VAS DEFE RENS 
AND DISTAL VAS DEFERENS 
Length of time Abnormal spermatozoa per M in tubes Abnormal spermatozoa per M in tubes 
after ligation in normal position in abdominal position 
4 days 89 70 
1 week 58 41 
2 weekS 185 189 
4 weeks 258 179 
6 weeks 511 
8 weeks no spermatozoa no spermatozoa 
V. The Effect of Low Temperatures on the Testes of the Rat. 
All the work which has been previously reviewed or reported 
in this paper has had to' do with the effect lof higher, than normal 
temperatures on the testes and spermatozoa. Would lower than 
normal temperatures affect the testes and spermatozoa in a'ny 
way,-or to state the problem 111 another way, is there an optimum 
temperature for normal spermatogenetic function?' 
In a preliminary trial three rClits were used, the treatment 
being as follows : anesthesia: was produced with nembutal, after 
which an area on the abd0'men was shaved and prepared for oper-
a,tion. An incision was then made along the midline of the ab-
domen and one testis withdrawn and suspended in a bath ef 
Ringer's solutionl maintained at 17-19° C. for a period of thirty 
minutes, ene hour or two heurs. The t estes were then returned 
te the screta, and after ten days the animals were killed 
and both treated and normal testes removed a'nd' fixed in Allen's 
fluid*. Blocks of tissue were then dehydrated, cleared, imbeddClI 
in paraffin, sectioned and stained. 
These testes, after the treatment described abeve, showed 
no notable evidences ef derangement of the germinal epithelium 
when compared with the normal or untreated testes. 
Testes of another group of 15 rats were exposed to lower than 
nermal temperature by external applicClitions of cold or cool water. 
This was done upon anesthetized anima,ls, by placing a gauze pack 
on the scrotum and keeping this pack cooled with a constant 
stream of water. The temperatures, period of . treatments, and 
time after treatment until removal of the testes are given in Table 
23. 
*Formula for Allen's flu id: 
Picric acid (Sat. aqueous sol.) 
Form alin. c. p. 
Glacial acetic acid 
U rea crystals 
75 parts 
15 parts 
10 parts 
1 part 
44 MISSOURI AGRICULTURAL EXPERIMENT STATION 
TABLE 23.-0UTLINE OF Low TEMPERATURE EXPOSURES OF RAT TESTES 
Temperature C. 
6·8' 
25' 
Length of treatment 
I hour 
1 hour 
]5 minutes 
30 minutes 
I hour 
2 hours 
:> hr)UfS 
1 hou r 
2 hours 
3 hOli rs 
I hour 
2 hours 
3 hours 
I hour 
3 hours 
Time from treatment until testis removal 
4 d,ys 
7 d:l\rs 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 days 
10 d,ys 
These testes, and testes from centrol animals, were fixed in 
Allen's fluid, dehydrated, cleared, imbedded , sectioned and stained. 
A study ef these 'sections revealed no evidence that the ex-
posure to low temperatures resulted in any notable derangement 
of the germinal epithelium. 
Further work is necessary to determine the ameunt and de-
gree of exposure to lower than nermal temperatures required to 
cause testicular damage, but it seems ebvious from the material 
presented that testes are much less susceptible te damage frcm 
exposure te lew temperature, than they have been found to be 
from exposure to higher than nermal temperatures. 
VI. The Physiology of the Tunica Dartos of the Ram 
In preceding sections of this paper it has been neted that 
the scrotum maintains the testes of the ram, and the testr:'s of 
various ether species, at a temperature belew that of the body 
cavity. It was also noted that if the scrotal temperature was in-
creased, spermatogenesis was seriously interfered with. The 
mechanism by which the scrotum maintains the testes at this 
lower temperature has never been studied to any extent. Among 
stockmen it has been rather commonobservatioll' that during hot 
weather the scrota, especially of bulls and rams, are much more 
pendulous than in cooler weather. This indicates that the scro-
tum does react to temperature changes, but little information 
seems to be available concerning the nature, time relationships, 
and the importance in testis-temperature control of this reaction. 
A study of the scrotal physiology ef the ram ' was undertaken in 
an attempt to supply information on these points. 
Material.-Eight Hampshire rams have been used in studying 
reactions ef the intact scrotum. The method ef study was to 
RESEARCH BULLETIN 217 45 
Fig . l :3.-Nllo \\ il l;; t he a 1'l'Hllg'emen t of ram Ul111 :1 p[Wl'at.ns for s tu(l.ring reac tions 
of the SCl'Otl1l11. 
anesthetize the rams with nembutal, place them in the manner 
shown in Figure 13, with apparatus for recording scrotal reactions 
placed under the ram. The arrangement of the apparatus varied 
somewhat in different rams. In the set-up pictured ' in Figure 13, 
1t may be noted that there are two recording levers, one attached 
to the tip of the scrotum and one attached at a point midway 
between the tip of the scrotnm and the point of attachment to the 
body. Recording levers were atta:ched to the scrotum by a thread 
pa·ssed lightly through its skin. A thermometer is suspended near 
the scrotum f?r the recording of room temperatures, and a second, 
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finely graduated thermometer, is inserted through an incision In 
the scrotum to obtain temperatures within the scrotum itself. 
Some of the rams were used several times so that a total of 
thirteen observations were made upon intact scrota, two upon 
castrate scrota, and one on the scrotum of a ram including obser-
vations immediately before and after castration. Thus a total of 
sixteen observations were made, ranging from one and one-half 
to six hours in length. 
Strips of the tunica dartos were also removed from a number 
of rams, mounted in Ringer's solution and subjected to various 
temperature changes. Also. various drugs (adrenalin, ephedrine, 
pilocarpine and atropine) were used in an attempt to determine 
the innervation of this tissue. These experiments will be dis-
cussed in detail later. 
In the various studies of scrotal physiology a total of thirteen 
rams have been used. They have been labeled in series, Rams 
A, B, C, etc., for convenience. The experimental results will be 
described in three sub-sections as follows: reactions; of intact and 
castra~e scrota in rams; reactions of iso'ated strips of the tunica 
darto·s to temperature changes; the innervation of the tunica dartos. 
Re·actions of Intact and Castrate Scrota in Rams.-In present-
ing this material it seems best to describe in detail, with illustra-
tions, some of the records obtained. AII'D a table is given sum-
marizing briefly the results of all observations. .All the records 
were obtained under field conditions. The illustrations shown 
were copied directly from photographs of the original kymograph 
records. The time is shown on the base line of all records, in one 
minute intervals. All movements are ma.gnified 2X. 
In Figure 14 two· consecutive records are shown that were 
obtained from Ram B. The observations were begun early in the 
morning and the room temperature was 16° C. at that time. The 
temperature gradually increased and was 19° C. at the beginning 
of the second record. The various contractions and relaxations 
undergone by the scrotum of this ram at the temperatures noted 
may be seen in Figure 14.. . 
Not long after the end of the second record shown in Figure 
14, the room temperature had increased to 22.5° C. During several 
ncords obtained at this and "lightly higher temperatures the scro-
tum was completely relaxed. One of the last of these records is 
shown in Figure 15. At this,' time the room temperature: had in-
creased to 24.0° C. Increasing the temperature in the immediate 
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MOVEMENTS OF SCROTUM 
£AM 8 
---------------------' 
I ; I ; I I I I I I I I I 
I I I I I I I I I I I I I 
47 
" I I I I I I . ' I I I 
I I I ; I I 
Fig. 14.-·lI<Ioyements of the scrotum in Ram B. Temperature 16° to 19° C. Time i 
in one minute intervnls. 
12AMB 
.5Ck!OTUM 
1r'..ekP Do!; I I I I 
2427 «J 27 
Fig. 15.-Record from Ram H consecutive with those shown in Figu.re 14. Room 
temperntu,re 24° C. ~'ime in one minute intervals. Temperature increased with 
electric henter. 
vicinity of the scrotum to 40.0° C. with an electric heater resulted 
in no relaoxation beyond that observed at 24.0° C. 
The reaction of the scrotum of Ram C when the temperature 
of the air in the immediate vicinity of the scrotum was increased 
with an electric heater is shown in Figure 16. 'Here, however, the 
room temperature was 7.0 c C. and when increased to 21.0° C. the 
scrotum relaxed. The relaxation continued for a few minutes 
after removing the heat, the reason being that the aIr 
surrounding the scrotum cooled more quickly than the scrotum 
itself. As the air in the immediate vicinity cooled the scrotum 
again contracted. 
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MOYfN.c,.¥,7J OF .5C.(JOTVAI 
£4,MC 
TeMP"C 
7 1.3 17 
, I It' , ) I I 1.9 20 21 I 
15 10 8 7 
, I f I I ,. 
l<'ig. 16.-.Effect of temperature increase on scrotum of Kam C. Temperature in-
creased with electric beatl>r. 'l'ime intervals are one minute. 
AfOYfMfM"J or 5CROTt//if 
At/.vfAtE;WJ OF SCROTO'AI 
RAM A 
TcMR6"C 
I I I J I I I II 11 I III II II I I I I I I I I II I I I I I I I I II II I I I I ) "Itll 1 I III 
l~ig. 17.--Consecuti\-e records showing scrotal ac tivi ty in Ham A at 6" C. 'l'!me 
in minute intervals. 
Two consecutive records obtained from Ram A are shown in 
Figure: 17. The r~om tempetature was 6.° C. It will be noted 
that the scrotum first underwent a long wave of contraction. 
then underwent shorter waves of relaxation and contraction. 
After obtaining these records Ham A wa's castrated. Immed'iately 
after castration further records were obtained but no activity was 
noted. However, when the temperature in the Vicinity of the 
castrate scrotum was increased to 26.5° C. with an electric heater 
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the scrotum relaxed, contracting again when the heat was removed. 
The record is similar to that shown in Figure 16. 
MOYEM'EIVl3 or SCi20TUAI 
ZZ £JAYS ArTER CAST..e4770IV 
.eAMA 
T.c-MPfJ"'C 
'-----
Fig. 18.-Record showing activity of tbe scrotum of. Ham A twenty·two days 
after castration. Hoom temperHtl1.re lJu C. 'l'ime in onc ' minute intervals. 
Twenty-two days after castration observations were again 
made on Ram A. The room temperature was 9.0 0 C. The cas-
trate scrotum was found to be undergoing waves of r elaxation and 
contraction as is shown in. Figure 18. When the temperature in 
the immediate vicinity of the scrotum was increased to 26.5° C. 
with an electric heater, the scrotum relaxed. 
RAM/. 
ft,10YEMENT.5 OF 
//tl/'ACT SCROTUM 
.......... _-
22 21 18 /7 
MOYEME/YTS OrSCROTUM 
/84M/ 
7";C:qp qc 
/9.<7-' 
/to.S J7 /8 
/9 /8 I. 
F ig. J9.-Consecutive records showing scrotal movements in Ram 1. Room 
temperature changes are indicntecl. Time in one minute intervals. 
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Two consecutive records obtained from Ram I are shown in 
Figure 19. The room temperature at the beginning of the obser-
vation was 22.0° C. It was quickly changed to temperatures 
ranging from 16.5° to 19.4° C. (Quick temperature changes in 
records previously discussed were brought about by an electric 
heater and the change was only in the vicinity of the scrotum. 
In the present record and those which follow, the temperature of 
the entire room was controlled .) In Ram I, the scrotum was 
relaxed at 22.0° C. but when the temperature was lowered a~ 'Nas 
previously indicated, the scrotum contracted gradually during the 
two records shown, and at the same time underwent waves of 
relaxation and contraction. After these record s, the room tem-
perature was increased to 26.0-27.0° C. and the scrotum relaxed 
to some extent but ha·d not relaxed to its original length when the 
ram began to revive after forty minutes at this room temperature. 
/?AMJ 
NoYENENTS Or 5CRQr.vM 
T.c~ 6C 
2fX6;-' ~I Z/.5 85 8 
I~  
85 9 9.5 
.Ii'-!1MJ 
.#OYE~.f'T5 OF 5C/107it/AI 
10.4- I/.5 14 /6 If! 2/ 22 Z.J 
Fig. 2().-l'on-secntive records sllowing scrotal movements ill Ram J. Room 
temperature changes are indicated. 'l'ime is ill one minute intervnls. 
Two consecutive records obtained from Ram J are shown in 
Figure 20. The temperature at the beginning of these records 
was 20.6-21.5° C. and at these temperatures the scrotum was 
relaxed. 
The temperature was lowered to 8.5-10.4~ C. and the scrotum 
underwent a long wave of contraction. When the temperature 
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RAM/( 
MOYfMfh ·"":5 Or .5CROTUM 
£AMI( 
!Jfoy.eMe/YT.5 OF .5CRoTU/v,' 
/5 /4.5 /6.5 17 
reMR t 
/6.5 /6 
1<'ig. 21.-811owing scrotal movements 
ob8erve<1 in }{am K. }{oom tempera-
ture cbanges are indicated'. 'l'ime is in 
one minute interva~s. 
was r aised gradually to 23.0'" C., the scrotum began to undergo 
small waves of r elaxation and contraction, but at the end of these 
records was still in a contracted state. 
Records obtained from Ram K are shown in Figure 21. At 
the beginning of these two records the room temperature was 20.0 
to 20.5 0 C. and the scrotum was relaxed. The temperature was 
then lowered to 18.0 and' gradually to 14.5° as is shown on the 
record. The scrotum underwent gradual contraction w ith waves 
of relaxation and contraction superimposed upon the gradual wave 
of contraction. 
At another time the three consecutive records shown in Figure 
22 were obtained on Ram K. Three lines besides the base line 
appear in these records. The upper line, marked A, was made 
by a recording lever atta'checl at the point where the scrotum joins 
the body; the second line, marked B, was made by a recording 
lever attached midway between the point where the scrotum joins 
the body and the tip of the scrotum; the third line, marked C, was 
made by a recording lever attached to the tip of the scrotum. 
The object of this arrangement was to determine whether the 
movements observed were caused by general contraction and re-
laxation of the entire scrotum, or whether these' contractions and 
relaxations were confined to one portion of the scrotum. 
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A 
RAMI( 
8 
c~ __ _ 
2A.4 /9 II /z 1/ /z 14 IG 19 ZI'C 
A 
L _____ ~ __ ------------
c 
.sCROTAL MoVeMEN73 
21 20.5 z/"c 
~ ~----~ 
21 2:5.5 25 Z(b 2Z.5 22'(: 
i"ig-. 22.·~Consecntive records showing scrotal movements in Ham K . The upper 
line, (AJ, was made by a rec.)r[lillg lever nttaclled at point where scrotum attaches 
to bony; lower line, (C), was made by reconling lever attached', to tip: of scrotum; 
( B) "'as attached mirlll'ay between (A) anrl (C). UOOll temperature changes are 
il:dirnted. 'rime given in one minute intervals 
The temperature at the L.eginnin;; of the record in Figure 
22 was 24.4° C. The temperature was lowered as may be seen 
on the record and a long wave of contraction set in, with one short 
relaxation 'wave superimposed. At a point preceding the short 
,,,,ave of relaxation the total altitude of the contraction of the 
scrotum had been 3.9 cm. and 3.7 cm. of this had been brought 
about by the upper half of the scrotum. At the peak of the long 
wave of contraction the total contraction altitude was 8.3 cm. and 
5.1 cm. of this brought about by the upper half of the scrotum. 
The temperature was increased to 20.5-21.0° C. and remairied so 
<during the second record. The. total rela,xation from the highest 
point in the first record to the lowest point in the second record 
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was '1.2 cm. and the tIpper half of the scrotum was responsible for 
4 .0 cm. of this relaxation. During the third record the tempera-
ture was increased to 21).5 0 C . and the scrotum became relaxed. 
The amount of relaxation from the highest point at the beginning 
()f the third record to the lowest point just beyond the middle was 
5.8 cm. a'nd the upper half of the scrotum was responsible, for 3.2 
em. of this relaxation. Immediately following this low point the 
temperature was lowered to 2::1.0 0 C. A wave of contraction 3.8 
cm. in altitude followed and the upper half of the scrotum was 
responsible for 2.3 cm. of this contraction. 
go.oy TeMP 39.4 39.2 
£4Mj" 
MOYeMENTS OF SO?OTUM r-; 
-------------------------- ~2 30. 
5 -2 
RAM.! 
MOYEMENr-5 OF SCROTUM 
:22.7 ZZ.5 
Fig. 23.-Con~;(?cutive recol'tls sho,~ring scrotal 1110'Venlents in Hum 1. Lower line 
marle hy rerol'dill:; le"e,' nttnched to tip or scrotum. upper line by leyer nttnched at 
middle of scrotum. Hoom temperature cbanges indIcated on base line, boO'y temp· 
peratures at top of recorrls, anll ~"rotnl t emper"tu re along lower line. Time in' one 
minute intCl'v:1Is. 
In Figure 2·3 records on Ram I similar to the ones described 
in the preceding paragraph for Ram K aore shown. In the first 
record in Figure 23, a long wave of contraction is shown. The 
altitude of this contraction ' ... ·as 10.5 cm. and the upper haH of 
the scrotum was responsible for 5.4 cm. of this contraction. At 
a point earlier in the wave of contraction, the tota,l altitude was 
D.G cm. and 3.3 cm. of this was accounted for by the upper half 
()f the scrotum. Records on these two animals .are not sufficiel1L 
to draw conclusions bt1t they do indicate that the entire scrotal 
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wall is concerned in the movements described and that the upper 
baH may be somewhat more reactive than the lower half. 
Two consecutive records from Ram I are shown in Figure 23. 
In addition to room temperatures, body and , scrotal temperatures 
are also shown. Body temperatures were obtained per rectum. 
Scrotal temperatnres were obtained by inserting a thermometer 
through an .incision in the scrotal wall and placing the bulb just 
beneath the tunica dartos on the opposite side of the scrotum. 
The thermometer used was graduated to one-tenth of a degree and 
was read with the ::tid of a reading glass to insure greater a'ccuracy. 
The slight decrease in body temperature during the observa-
tions was probably due to the anesthetic. 
The room temperature was 24.2° to 25.0° C. at the beginning 
cf the records shown in Figure 23 and the scrotum was relCl!xed 
at these temperatures except for one small contracti~n-relaxation 
wave. The scrotal temperature was between 33.2° and 34.0° C. 
The room temperature was then decreased to and held between 
-:3.0 and -1.0° C. for some time. A long wave of contraction set 
in and at the same time the scrotal temperature decreased until 
after about one and one-quarter hours at this low temperature the 
~crotum was so shortened that the testes were held close up to 
the body and the scrotal temperature had recreased to 26.6° C. 
The room temperature was then returned tOo 22.0° to 23.0° C. 
After an hour and one-half at this increased temperature, the scro-
tum had relaxed only a small amount. In some of the records 
already descrihed a similar condition has been noted. This slo1.\' 
response to increased room temperature is apparently explainablt> 
on the basis of the sloW' increase in scrotal temperature noted in 
Figure 23. In , one and one-half hours after returning the room 
temperature to 22.0°, the scrotal temperature increased from 27.4 
to 30.5° only and was still several degrees below the temperature 
recorded at the beginning of the first record . 
A record from Ram K is shown in Figure 24. Room and 
scrotal temperatures were recorded. Throughout the first record 
and for twenty minutes in the second the room temperature wa::, 
nlaJintaincd between 21.0° and 24.0° C. It will be noted that 
during this time the scrotal temperature was maintained between 
33.1 ° and 3:3.9° C. The relationship hetween the various scrotal 
temperatures and the length of the scrotum is shown clearly in 
this record. It will be noted that a drop in scrotal temperature 
of a fraction of a degree resulted in contraction. This contraction, 
RESEARCH BULLETIN 217 55 
RAMI( 
5cRo7AL MOY.EMLWTS 
.33.4-
31.9 
~6 33.0 
~7. 
Z/.5 22 23 24 ~.l5 
J2.6 J24 .7R.2 :J2 .JI.{, 
RANK 
'RtXJ/I-t TEMP-
23.8 24 Z4 . 18 14.5 I.J 1/.5 ' 8 5.5 4.5 6 4.5"C 
Fig. 24·.-Consecntive records showing scrotal mO"ements in Ram E. Room 
temperatnre cbanges are indicated on the lJase line. Scrotal temperatures are given 
nlong the line iudicating scrotal movements. 'l'ime is in one minute intervals. 
by drawing the testes nearer the body, lessening the surface area 
of the scrotum and thickening the scrota:! wall, resulted in an 
increase 'in temperature. After an increase of a fraction of a 
degree in temperature the scrotum again relaxed. In the second 
record the temperature of the room was lowered gradually to 
'1.5 0 C., then maintained nea:r that point during the remainder of 
the record. As soon as the scrotal temperature began to decrease, 
the scrotum began to contract and by this contraction maintained 
the scrotal temperature above 3:3.10 C. for a considerable time. 
When the scrotum ha:d contracted until . the testes were held 
against the body and no further contraction seemed possible, the 
temperature within the scrotum dropped still lower (to 31.6 0 C.). 
A study of the records which have been dE'<:;cribea amI of 
other records 'which have been' obtained seem to indicate that the 
scrotum acts very much as a thermostat maintaining the testes 
at a fairly constant temperature. As has been indicatecl the scro-
tum of the ram is not capable of compensating completely for very 
low temperatures, and it was indicated that the :;crotum could only 
relax to aJ certain extent so would not be able to compensate 
entirely for very high room temperatures. It would seem that 
when ram:; are maintained at temperatures of 22.0, td 24.0 0 C. or 
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above the scrotum remains relaxed, while at temperatures below 
about 5.0 0 C. the scrotum contracts and remains so. At tempera-
tures intermediate between · these points the scrotum seems to 
undergo constant adjustment, functioning to maintain a consta:nt 
temperature. 
Reactions of the scrotum to room temperature changes are 
rather slow. This is to be expected for two reasnns. First, the 
tunica dartos which is responsible for these reactions is composed 
·of fibro-elastic tissue and smooth muscle (Sisson-1914) so reacts 
slowly. Second, the scrotum of the ram is usually covered with 
some wool and it is necessary for any temperature change tc 
penetrate this wool and the scrotal skin before it can affect the 
tunica dartos. A study of the reactions of the dartos itself to 
temperature changes has been made and is described later in this 
paper. 
Another point of interest has been observ,~cl in studying the 
intact scrotum. Two rams died while under observ:ation and in 
both cases the scrotum contracted sharply almost immediately 
after respiration stopped. One of these records is shown in Figure 
25. After the contraction, which la:sted about five minutes, the 
scrotum relaxed almost as quickly and remained so, No explana-
tion is given for this reaction. 
RAM;( 
Fig, l?5.-Record·S showing! reaction ot scrotum 
in Rum K at death . Contractio·n began almost 
immecliately after respiration stopped. Time in 
one minute intervals. 
The scrotum has shown no reaction to such stimuli as pinching 
or piercing with a needle or to such severe stimulation as making 
an incision through the skin and dartos and inserting a thermom-
eter. 
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The records which have been described in the preceding pages 
and other similar records that have been obta:ined are summarized' 
uriefly ill TahJe 24. The records which have been previously de-
scribed are indicated in one column of the ta:ble. 
TABLE 24.-SUMMARY OF STUDIES OF THE SCROTUM OF THE RAM 
I D uration Figure no. indicates of each Altitude that that Conditions Movements movement of each record is otsee~~~~i~~s \ and observed in noted movement shown Ram treatment scrotum (mins .) (ems.) in text 
A 3 hrs. & Room temp. S.crotum und~rgoing relaxa~ 15-25 3.6-5.8 
20 mins . 12'_1 3' C. tlon-contractlon waves 
Temp. in- Scrotum relaxt-d 25 10.3 
creased to 37.5' 
C. (heater) 
Temp. lower~d 
to 12.5' C. 
Scrotum contracted 25 9.3 
B 4 hrs. & Room temp. Many small contraction- 1-2 .3-1.0 
30 mins. 16'-20'C. relaxation waves 
Several larger relaxation- 10-20 3.6-5.5 
Fig. 14 
Room temp. Scrotum relaxed and re-
22.5°_24°C. mained so 
Temp. increased 
to 40° C. 
No further rela.xation 
(heater) 
Scrotum remained relaxed 
Fig. 15 
Temp. lowered 
to 24' C. 
----------
C 1 hr. & Room temp. Long wave of contraction 40 88 
30 mins. 6°_8' C. 
Temp. increased 
to 21'C. 
Scrotum relaxed 20 5.0 
(heater) 
Fig. 16 
Temp. lowered Scrotum contracted 25 5.0 
to 7°· C. 
---
A 4 hrs. Room temp. Long contraction wave 60 9.0 
6° C. 
Relaxation-contraction 10·16 2.5-5.9 
Fig. 17 
waves 
Ram castrated No movements observed 
Temp. in- Scrotum relaxed 23 7.0 
creased to 26.5' 
C. (heater) 
T emp. lowered 
to 6' C. 
Scrotum contracted 29 6.2 
---
D 3 hrs. Room temp. Gradual wave of 110 6.1 
8'_9° C. contraction 
Temp. in- Scrotum relaxed 45 7.9 
(Scrotum very short creased to 280 
and with little C. (heater) 
wool) 
T emp. lowered Scrotum contracted 20 5.2 
to 9° C. 
- \ A 1 hr. & Room temp. Scrotum undergoing relax- l2-20 2.1 Fig. 18 30 mins. 9° C. ation-contraction wa ves 
(22 days after 
castration) Temop . raised to Scrotum relaxed 14 5.6 
26.5 C. (heater) 
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TABLE 24.-SUMMARY OF STUOIES OF THE SCROTUM OF THE R AM- ( CO NT'O) 
Duration 
Figu re no . 
indicates 
of each Altitude that that 
Conditions Movements movement of each record is 
Length of and observed in noted movement shown 
Ram observations treatment scrotum (mins.) (ems.) i n text 
I 1 hr. & Room temp . Scrot um relaxed gradually 55 2.8 
.10 min . 16.8· C.; gradu-
ally increased to 
21.5· C. 
Temp. lowered Scrotum contracted 30 S.8 
to 9.5· C. 
J 4 hrs. & Room temp. No movements noted 
15 mins. 20.6·-21.5· C. 
Temp. lowered \Vave of contra(' tion 130 10.0 
to S·-II· C. 
Temp. raised Scrotum relaxed som('what 
F ig. 20 
to 23° C. undergoing small relaxa-
tion-contraction Waves but 
not to original level 
K 2 hrs. & Room temp. No movem en ts noted 
40 min, . 19.5·_20.5· C. 
Temp. lowered Wave of con traction 50 6.6 
to 16.5· C. Fig. 21 
Temp . majn- Relaxa tion-co ntraction 30 3.4-4.8 
tained at 15·-
17· C. 
I 5 hrs. & Room temp. Scrotum in relaxed 
30 mins. 22° C. condition 
Temp. lowered Long wave of contraction 215 9.5 
to 17'-19·.C. F ig. 19 
Sma1I relaxa tion-contrac- 20-30 1.3-2.5 
tion waves superimposed 
Temp. raised Relaxation wave with small 60 3.0 
to 26· C. relaxa tion-con traction 
waves superimposed 
--- --
Temp. held ot Some relaxation but not to 40 
26·-27· C. origina l level when ram 
revived 
,\. 6 hrs. Room temp. Long Wave of contraction 100 8.3 
24.4· C.; low- (Short relaxation superirn-
ered to 12°_1 4° imposed) 
Temp. raised Gradual relaxation 145 5.0 
to 20.5-21° C. 
Contraction-relax.:tt ion 10 4.0-4.8 
Waves superimposed Fig. 22 
Temp. raised Relaxation to same level as 
to 2.) °_27° C. at beginning of observations 
Temp. lowered Wave: of contraction 8 3.9 
to 22-24· C. 
Relaxa tion-contrac tion 30 3.5 
waves 
I 1 h r. & Room temp . Contraction-relaxa tion 10-15 2.8-5.4 
15 min. 24.5 ' C. Wav("s 
Tomp. lowered Wave of contract ion (small 20 6.3 
to 14.5· C. contraction Waves super-
imposed) 
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TABLE 24.-SUMMARY OF STUOIE S OF THE SCROTUM OF THE RAM-(CONT'O) 
I Duration Figure no. indicates 
of each Altitude that that 
Conditions Movements movement of each record is 
Length of and observed in noted movement shown 
Ram observations treatment scrotum (mins.) (ems.) in text 
M 3 hrs. & Room temp. No movements noted 
30 min. 16.4-18.2' C. 
Temp. lowered \Vave of contraction (short 30 2.7 (55 day. after U.S' C. relaxation Wave superim-
castration) posed) 
K 4 hrs. & Room temp. Con traction-reI axation 15-30 2.2-4.4 
30 mins. 21 ' -24'C. waves 
Temp. lowered Wave of contraction {short 95 10.2 
gradually to relax:ttion-contraction 
4.5' C. waves superimposed, Fig. 24 
Temp. raised to Slight relaxation 70 2.7 
24' C. 
I 4 hrs. Room temp. Scrotum in relaxed condi-
24.2_25' C. tion 
One small contraction-re-
laxation wave 
Room temp. 
lowered to 
Long wave of contraction 
Fig. 23 
60 10.6 
1.0' C. 
Temp. raised to 
22'_23' C. 
Slight relaxation 90 2.0 
.---
K 1 hr. Room temp. Scrotum in relaxed condi- 5 9.2 
23' C. tion . Ram died. Sharp 
wave of contrn.ction Fig. 25 
Relaxation followed 8 9.2 
quickly 
ReactiOons of ISOolated Strips Oof the Tunica ,DartOos tOo Tempera-
tUrE~ Changes_-Lieben (1908) gives thefollOowing description, 
from Eberth, of the tunica dartos: The tunica dartos is a smoOoth 
muscular coat consisting of two layers. The outer layer is very 
delicate, clings clOosely to the skin of the scrotum and has fibers 
arranged in various directions. The inner Cl!nd by far the strOonger 
layer consists of muscular fibers which for the greater part are 
turned in the direction from the anus to the root of the penis. In 
the region of the raphe the tunica dartos of each scrotal half turns 
over on the connective tissue-like dividing wall of the scrotum; 
thus each testis rests in an individuCl!l sac Oof smooth musculature. 
Strips of the tunica dartos for study were removed from along 
the longitudinal axis of the scrotum. After removal the dartos 
was dissected from the skin and mounted in Ringer's solution with 
one end attached tOo a recording lever so that any movements might 
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be recorded. These strips were from one-half to three-fourths of 
an inch in length. Any movements a:re magnified 8X on the 
records. 
The dartos strips used were obtained as follows: one from 
Ram A, three from Ram E, one from Ram F, three from Ram C. 
four from Ram H, one from J, making a tota\ of. thirteen strips 
from six rams. Each strip was subjected to several temperature 
changes. The reactions in all strips were essentia:lIy the same so 
all the records will not be described in detail. 
DART055TRJP 
RAM II 
T.E'MP cHAN(jc 
/ MIN. INURVALS 
i ••• , I I I I , " I J I , I I • " , I I , I 'j , , , 1" 
Fig. 26.-Reaction of a dartos strip from linm .I:i to t emperature 
changes. 'l'ime in one minute intervals. 
A portion of one record from a dartos strip from Ram H i .~ 
shown in Figure 26. With a constant temperature of 37.0° C. the 
strip maintained a constant tone. VVhen the temperature was 
lowered to 30° the strip contra:cted. The temperature was then 
l'aised to 36.0° C. and the strip relaxed, but not quite to the original 
level at 37.0° C. 
LJARTO.5 STRIP 
TEMP 'c 
32 31.30 R9 £8 2930 31 32 32.5 
I"ig. 27.-React.ion of a dartos strip from Ram H to temperature 
cllnnge1l. 'l'ime in one minute intervals. 
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A portion of one record from another dartos strip from Ram 
H is shown in Figure 27. This is from the first part of the record 
ancll the slight relaxation at the beginning o~ the record was due 
to adjustment to the weight of the lever. When the temperature 
was lowered from 32.0° to 28.0°, the strip contracted sharply. 
When the temperature was increased to 32.5 ° C., the strip relaxed' 
to a point somewhat below its original level at 32.0° C . 
.DARTOS STRIP 
34 36 38 
38 36 
~---+----I-~--+--..j.....---+---+----+--+- -- -+ - ---1-
Fig. 2S.-Reaction of a dartos strip from l{a m .T to temperature changes. 'I'ime 
in one minute intervals. Drum stopped for a few minutes -at each change of tem-
peratu,re. ::ltops indicated by hea \·y marks along base line. 
On one record obtained from a dartos strip from Ram ], the 
drum was stopped while each temperature change was being made 
thus building up the "stair-step" effect shown in Figure 28. It 
is interesting to note that the greatest contraction from a two 
<legree temperature drop was between 34.0° and 32.0° C. The next 
greatest contractions from a two degree drop were the "steps" on 
either side of the one just mentioned, namely, 36.0 to 34.0° and 
~i2.0 to 30.0° C. It will be remembered that the scrotal tempera-
ture of the ram, except at low room temperatures, is approxi-
mately 33.0 to 34.5° C. The amount of contraction between 38.0° 
and 36.0°, and between 30.0 and 28.0° was relatively small. 
Another interesting feature of this record is the fact that 
when the tempcratnre was increased from 28.0 to 30 . 0~ C., the 
relaxation was much greater than was the contraction when the 
temperature was lowered from 30.0 to 28.0° C. The relaxations 
beyond that point were relatively small. It may be noted in sev-
eral of the records on intact scrota that the scrotum contracted 
slowly, then relaxed at a comparatively rapid rate. This reaction 
might be explained on the basis of the record just described. 
The number of dartos strips studied is admittedly small, and 
further study is necessary for a full understanding of the re-
activity of this tissue to temperature changes. The studies thus 
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br, however, indicate clearly that the tunica dartos does not under-
go spontaneous movements as many of the smooth muscle tissues 
of the body QO, and that this ti3sue is very sensitive to temperature 
changes, contracting as the temperature decreases and relaxing 
as the temperature increases, within limits, of course. These find-
ings further substantiate the idea!, previously discussed, that the 
scrotum acts very much as a thermostat functioning to keep the 
testes at a fairly constant temperature. 
TABLE 2S.-HEAT RIGOR IN THE TUNICA DARTOS 
Altitude of Time required Previous 
Ram Temperature Condition of movement for movem ent treatment 
°c. Muscle described (em.) . described (min.) of ~trip 
A 40 . 0 In relaxed condition Pilocarpine 
52.0t058.0 Relaxed further 1.1 3 and 
60.0 Contracted 4.4 6 Atropine 
G 40.0 In relaxed conditinn Ephedrine, 
50.0 to 55.0 Rehxed further .8 6 Piloc3rpine 
59.0 Contracted 3.7 S and Atropine 
G 38.0 I n relaxed condition Ephedrine, 
50 . 0 to 57.0 Reloxed further 1.6 S Pilocarpine 
60 .0 Contracted 3.3 9 and Atropine 
E 40.0 I n relaxed condition Ephedrine, 
50.0 to 56.0 Relaxed fllrther 1.6 5 Pi!oc:lrp~ne 
58.0 Contracted 4 10 and Atropine 
E 38.0 I n relaxed condition 
38.0t060.0 No further relaxa-
tion 
60.0 Contracted 7.3 8 
E 40 . 0 r n, relaxed condition 
40. 0 to 58.0 No further rcla .. a-
rion 
58.0 to .;9.0 Contr~cter:l 9 0 ~ 
Six tunica dartos strips, obtained from three rams, have been 
subjected to sufficiently high temperatures to produce heat rigo·r. 
The data are presented in Table 25. All of the strips were appar-
ently completely relaxed at 38.0 to 40.0° C. or above, up to 50.0 
to 52.0:°' C. ' The first four strips listed undenvent further relax-
ation after the temperature reached 50.0 to 52.0° C. and while it 
was being increased up to 55.0 and 58.0° C. This last relaxation 
was not noted in the other two strips, and these two strips had 
not been subjected to any drug tre~tments as are indicated for ' the 
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first four strips. Some effect of the drugs may have been respon-
:;ible for this relaxation lwhich took pla>ce above 50.0 to 52.0° C. 
In all the strips heat rigor set in at between 58.0 and 60.0° C. 
the average for the six strips being 59.25° C. 
The Innervation of the Tunica Dartos.-Lieben (1908) briefly 
describes Langley's work in which it is reported that the scrotum 
contracts subsequent to irritation of the abdominaltrunksl of the 
sympathetic system and upon irritation of the rami communicans 
from the first and second sacral roots. 
Lieben (1908) undertook a further study of the innervation of 
the tunica dartos using the dog, and some observations on the 
human, and the results are described briefly. It was found that 
the scrotum normally exists in a tonus which slowly disa>ppears 
when both abdominal sympathetic trunks are severed. If the scro-
tum were halved and subsequently one of sympathetic trunks 
severed the scrotal half on that side rapidly lost its tone, while 
no change was noted in thp. opposite side. In an uninjured scro-
tum electrical stimulation of either abdominal sympathetic trunk 
was found to produce rapid and intense contraction of the entire 
musculature of the tunica dartos, while only a one-sided contrac-
tion resulted in scrota which had: been halved. Electrical stimula-
tion of the rami communicans from the two first sacral segments 
resulted in: scrotal contractions' in all cases while irritation of the 
11igher rami communicans was not so successful. Electrical stimu-
lation of the cut spinal cord was also found to produce contraction 
,of the tunica da'rtos. 
In this study several isolated strips of the tunica dartos were 
subjected to the action of various drugs (adrenalin or epinephrine, 
'ephedrine, pilocarpine and atropine) in an attempt to obtain some 
further knowledge of the type of innervation supplied to the tunica 
,da rtos. Descriptions of the physiologica>l action of the drugc; just 
mentioned are numerous. The brief account given below con-
cerning their use in the study of the innervation of muscular tis-
sues is taken from Howell (1927). 
' The effect of epinephrine or adrenalin is the same as stimula-
tion of the sympathetic nerves, and may result in either contraction 
or relaxation of the muscle depending upon whether the sympa-
thetic innervation is motor or inhibitory. It has been shown ' to 
exercise its action on the connections between the postganglionic 
fibers and the muscle. Adrenalin has no effect on the paras)'m-
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pathetic system. Ephedrine is a compound similar in struc1.ure 
to epinephrine and having a. similar physiological action. 
The effect of pilocarpine upon the muscle is identical with 
stimulation of the parasympathetic nerves, while a:tropine exer-
cises a sedative effect upon muscles innervated by the parasympa-
thetic system. When pilocarpine is used, followed by atropine. 
the atropine counteracts the effect of the pilocarpine. Atropine 
apparently poisons out the parasympathetic nerve endings. 
The effect of ephedrine w.as observed on six isolated strips of 
tunica dartos. The dilutions used va'ried from 1 part in 10,000 
to 1 part in 500,000. In all cases a slow wave of contraction set' 
in immediately after addition of ephedrine to the Ringer's solution 
in which the strips were held. A record from one of these strips 
is shown in Figure 29. \iVhen placed in fresh Ringer's solution 
these strips relaxed. 
A 
£)ART05 STRIP 
RAke; 
TEMP31"C. 
C!'NED/CINE 
1-10,000 
Fig. 2t).-Reactiol1 of a dartos strip from Ram G to ephe-
drine (1 to lU.U{)() n(imiuistered at point indicated on record jllst before wave of contraction set in. Heavy marks on base line 
indit:'nte one minute intervals. 
The effect of epinephrine (or adrenalin) was observed on only 
two strips of tunica dartos,dilutions of one p(llrt in 10,000, and 
One part in 80,000 being used. As may be noted in Figure 30, 
the contraction was much mOl-e rapid and of greater altitude than 
that resulting from ephedrine. Also the:;e strips, after having 
been subjected to epinephrine, could not be returned to their 
original level by several changes of Ringer'S solution. 
Eight strips of the tunica dartos were treated with pilocar-
pine (dilutions of 1 to 10,000 and 1 to 100,000) followed by atro-
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OART05 STRIP 
APRENALIN 
RAM!! 
35·C 
",' 
-4"r~"q//t1.­
/-t9~(}00' 
Fig. :~O.-J:(ea ctioll of a dartos strip from Rum H to 
arlrennlin (1 to HO,OOO). Long murks on base line indicate 
one minn,te intervalR. 
oS 
pine (dilutions of 1 tic 10,000 and L to 100,000). In alL but one 
of the strips a slow wave of contraction set· in when pilocarpine 
\Va's applied. When atropine was applied the contraction stopped 
and the strips gradually relaxed to their original level. A record 
from one of these strips is shown in Figure 31. 
04RT05 
~M.If 
Fig. 31.-1{eaction or dartos strip from Ham H to 
pilocarpine and atropine. Long marks on base line indi-
cate one minute intervals. 
The 'work done with drugs was very limited, but the results 
seem to indicate both a sympathetic and parasympathetic motor 
innervation of the tunica dartos of the ram. Further work is 
necessary, however, before these results could be accepted as. 
conclusive. 
VII. Temperature As a Factor in the Fertility of Rams 
McKenzie and Phillips (1934,) reported that rams ejaculating 
semen containing spermatozoa of which more than 140 per thou-
sand were abnorma:l were usnally of reduced or low fertility. In an 
earlier section of this paper it is reported that scrotal insu1ation 
was followed by a marked increase in the proportion of abnormal 
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spermatozoa ejaculated. When insulation was continued for long 
periods an azoospermatic condition developed. While the above work 
was in progress a fe\,,; of the rams were allowed to breed ewes at 
various times before and during insulation. At services before 
insulation, and after two, four and seven days of insulation the 
ewes were settled, but after thirteen or more days of insulatio.n 
the ewes failed to settle. The number of breedings was small but 
') 
results give some indication of the quickness with which insulation 
affected fertility. 
A very interesting case of the practical significance of the 
effect of temperature on fertility was presented by one ram that 
was observed. Ram L, a purebred Shropshire and an excellent 
:individual, was in show condition at the beginning of the 1932 
breeding season. Thirty-four ewes were field bred to this ram. 
At the end of two months none of the ewes had settled and the 
Tam was removed from the flock. Shortly after this time a semen 
salmple was obtained (11-2-32) and subsequently several more 
samples were secured. At the time of removal from the flock 
this ram was still quite fat and possessed a heavy fleece. 
The types and numbers of abnormal spermatozoa observed 
'in the semen samples secured from Ram L are given in Table 26. 
It will be noted that up to January 4, 1933 the abnormality count 
was quite high (648 to 838 per M). On January '30, 19:3:3 the ram 
was sheared, a heavy fleece being removed from both the body 
and s~rotu111. Eleven days after shearing (January 31) the ah-
normality count was still 772 per M, but twenty-five days after 
shearing (February 14) the abnormality count had dropped to 
4.68 per M, and thirty-four days after shearing (February 23)' the 
TABLE 26.-SHOWING NUMBERS AND TYPES OF ABNORMAL SPERMATOZOA 
IN SEMEN FROM RAM L_ (IN NUMBERS PER THOUSAND) 
Date"of 
Total no. 
Enlarged ' Broken B'ent abnormal 
obtain-- Taittes. Coiled 1 apering middle Broken middle middle spermato-
ing semen heads tails heads pieces at neck pieces pieces zoa per M 
11- 2-32 660 95 
-- --
4 
- -
759 
11- 8-32 576 248 
-2 -- 14 - - 838 11-17-32 248 390 2 6 
- -
648 
1- 4-33 380 318 
--
4 4 
- -
706 
1-20-33 Ram sheared 
1-31-33 274 482 
-2 4 12 - - ' ·772 2-14-33 220 240 
--
6 
- -
468 
2-23-33 74 76 
-2 -2 8 - - 158 3-16-33 50 104 4 
- -
162 
4-20-33 128 176 2 
--
14 
-
-
320 
5~18~33 302 336 
-- --
6 
-
r 644' 
7-20-33 444 156 56 20 16 2 i 692 8-28-33 770 24 8 4 8 818t' 
tSpermatozoa scarce. 
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abnorm ality count was 158 per M. By April 20, 1933, the fleece 
had again grown to over an inch in length and the animal was 
gaining in condition. At this time the abnormality count had 
risen to 320 per M, and on July 20 and August 28, 1933 the counts 
were 692 and 818 per M respectively. . 
Ram L wa:s again sheared about September 1, 1933 and placed 
with a flock of forty ewes. Most of the ewes lambed and judging 
from lambing dates most of the ewes were settled during the 
latter pCl!rt of October, so it is apparent that after shearing the 
testes again returned to normal spermatogenesis. 
Body temperature rea-dings on this ram are of interest. Three 
readings taken before shearing averaged 39.8° ' C. while five read'-
ings t aken during the month following shearing averaged 39.1 ° C. 
A reading taken after the wool had grown out, to about one inch 
in length was 39.7° C. 
Ram M, also a purebred Shropshire, was observed during the 
1933 breeding season. The ram was brought to the University 
of Missouri flock direct from the show circait about Septemher 
1, 1933 and was sheared shortly afterward. At; the time of arrival 
a semen sample was obtained which contained very few sperma-
tozoa and showed an abnormality count o,f 548 per M. This ram was 
turned in with his flock after being sheared and semen samples ob-
tained on October 6 and November 4 showed abnormality counts of 
!J2 and 68 per M respectively. These abnormality counts are given 
in d'etail in Table 27. 
TABLE 27.-SHOWING NUMBERS AND TYPES OF ABNORMAL SPERMATOZOA IN 
SEMEN OF RAM M (IN NUMBERS PER M) 
Total ab-
T aill ess Coiled T apering Enlarged Broken normal sperm 
Date heads tails heads middle pieces at neck perM 
9-1~33 488 50 4 4 2 548* 
10-6-33 40 40 4 2 6 92 
11-4-33 36 18 6 8 68 
*Very few sperm a tozoa. 
The breeding record of Ram M is as follows: Hel was turned 
with his flock on September 5, 1933. All ewes were served three 
times, and the first ewe lambed on February 28, 1934, so that the 
first service at which this ram settled a ewe WCl!S apprmcimately 
Oct'ober 4, 1933, one month after he was turned with his flock. 
Twelve of his fourteen ewes lambed at dates corresponding to 
breedings between October 4 and October 21, 1933. 
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It would seem that the scrota of Rams Land M, while under 
the handicap of a heavy fleece and high condition, were unable to 
maintain the testes at a temperature low enough to permit no·rmal 
spermatogenesis. After removal of the fleece, a,nd with some 
lowering of condition, the testes apparently were returned to a 
normal temperature and were then able to resume normal sperma-
togenesis. 
SUMMARY 
The literature concerned with scrotal function is reviewed 
and all the evidence clearly indicates that testes which are 
normally held in scrota do not continue their normal spermato-
genetic functioll if they are placed ~n a warmer envircnrnent even 
for a short time. Recovery of testes so treated when returned 
to their normal environment is also reported. The evidence then 
clearly indicates a thermo-regulatory function of the scrot'um 
whereby the testes a.re maintained at a temperature lower than 
that of the ' body cavity and at which the spermatogenetic tissue 
is able to function normally. 
Further studies of this scrotal function, and a study of the 
mechartism by which it is accomplished are reported. The ram 
has served as the chief experimental animal, ,vith some work being 
carried out on guinea-pigs and rats. The more significant findings 
are as follows: 
(1) In the rams studied the bOody temperature readings aver-
aged 39.8 " C., scrotal temperatures at room temperatures of ] 3.0 0 
to 24.0 0 C., averaged 33.3° C., and at these room temperatures 
the average testicular temperature ,vas 34.9° C. 
(2) The <lmount of insulation tlsed in this work inr~reased the 
~crotal temperature to 36.4° C. and the testicular tempr.rature to 
;17.0° C. 
(3) Ram scrota: were insulated for periods varying from four 
days to sixteen weeks. In general, the longer the insulation period, 
the more marked the degeneration of the germinal epithelium 
found upon histological examination. No spermatozoon was ob-
served in the tubules after periods of insulation longer than two 
weeks. A marked decrease in testis size was noted after sixteen 
weeks of scrotal insulation. 
(4) Testes were secured from four rams after hav1l1g been 
subjected to scrotal insulation for 1, 2, 4 and 8 weeks respectively, 
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followed by a three weeks recovery period. Partner testes re-
moved at the end of the insulation periods were also studied. In 
the first ram degeneration was greater at the end of the recovery 
period than at the end of one week of insulation, while in the last 
three rams some recovery was noted, the recovery being' less as 
the insulation period increased. 
This is in accord with the findings of other worl.ers, narnely, 
that once degeneration is started, even by a brief applica:tion of 
heat. much of the germinal epithelium tends to break down before 
rebuilding sets in. 
(5) Following scrotal insulation a marked change in the mor-
phology of the ejaculated spermatozoa was noted, both the number 
and types of abnormal spermatozoa increasing considerably. \lVith 
continued insulation very few spermatozoa were to be found in 
the semen after the 22nd day of insulation. Abnormal spermatozoa 
were observed in the tubules of one ram after one week of insula~ 
tion. 
(6) Assuming that the increase in abnormal spermatozoa 
ejaculated resulted from faulty spermatogenesis rather than from 
degeneration of fully formed spermatozoa, the appearance of the 
first increase in abnormal spermatozoa would indicate the time 
required for those spermatozoa to be transported' from thel testes 
to the ejaculatory duct. In five rams this time varied from 4 
to 13 days, the average heing 8.8 days. Three services were 
allowed every third day. 
(7) A decrease in the length of time fully formed spermatozoa 
retain the power of becoming motile by subjectio,n to abdominal 
temperatures has been reported. Would such treatment affect the 
morphology of the spermatozoa? Guinea-pigs were used' in study-
ing this problem, the spermatozoa from isolated epididymi and 
vasa deferentia, located normally and abdominally, being observed. 
There was no morphological evidence that the spermatozoa de-
generated more quickly in the abdominally located' tubes than in 
those located in the scrotum. 
(8) The testes of rats wer.e subjected to lower than normal 
temperature. No notable effect upon the germinal epithelium was 
observed. In studying scrotal temperatttres in rams one observa-
tion was made after the animal had been exposed to a room tem-
perature of -1° to -3° C. for approximately 45: minutes' and the 
scrotal temperature dropped to 26 .6° C. Such low temperatures, 
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or even lower, must be common among breeding males in cold: 
climates, yet rio not lead to breeding troubles; sO' it would seem 
that the testes are less susceptible to injury at lo\.ver than at higher 
than normal temperatures. 
(9) The physiology of the tunica dartos of the ram has been 
studied and it has been found to function very much as a thermo-
stat would, furnishing the mechanism by which the thermo-regu-
latory function of the scrotum is accomplished. Significant find-
ings concerning the tunica dartos of the ram are: 
(a) At low temperatures the intact scrotum is contracted, 
holding the testes close to the body, while at high temperatures 
it is completely relaxed. At intermecliate temperatures (6.0° to 
24.0° C.) there is constant adjustment, the tunica dartos con-
tracting and relaxing as a result of very small decreases or in-
creases in scrotal temperature. 
(b) Isolated tunica dartos strips react quickly to tempera-
ture changes, contracting as the temperature decreases and re-
laxing as it :ncreases. It seems most sensitive to changes at 
temperatures approximating the normal scrotal temperature. 
(c) Reactions of isolated tunica dartos strips to adrenalin. 
ephedrine, pilocarpine and atropine have indicated motor sympa-
thetic and parasympathetic innervations. 
(c1) Isolated strips of the tunica clartos have gone into heat 
rigor at 58.0° to (:;0.0° C., the average being at 59 .25° C. 
(e) In two cases when animals died while being observed the 
intact scmtUl11 contracted sharply immediately after breathing 
stopped, and became completely relaxed. a few minutes later. 
(10) Two rams were observed in which the testes, under the 
handicap of high condition (fat) and a heavy covering of wool, 
were una hIe to continue normal spermatogenesis. After removaI 
of the fleece, with some coincident lowering in condition, the testes 
regained normal spermatogenetic function. The condition in these 
rams parallels that observed in rams subjected to increased scrota» 
temperatures by scrotal insulation. 
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CONCLUSIONS 
1. The literature reviewed and material presented clearly m-
dicate a thermo-regulatory function of the scrotum. 
2. The immediate cause of degeneration of the germinal epi-
thelium following an increase in scrotal temperature is still un-
certain. The evidence to date would seem to indicate an indirect 
effect, perhaps yasostagnation and carbon dioxide accumulation, 
due to the increased temperature. 
3. Testes are apparently less sensitive to a decrease than to 
an increase in temperature. 
4. Abnormal spermatozoa that appear in the semen of rams 
iollowing scrotal insulation apparently result from changes in the 
morphology of spermatozoa developing at the time of insulation 
rather than from changes in fully formed spermatozoa. 
5. The time required for the passage of spermatozoa from the 
testes to the ejaculatory duct varies in d ifferent rams. The aver-
age time required in rams observed was 8.8 days, the ram being 
allowed three services every third day. 
6. The scrotum of the ram functions very much as a thermo-
stat maintaining the testes at a fairly constant temperature con-
siderably below that of the body cavity. The tunica: dartos muscle 
provides the mechanism by which this function is accomplished. 
7. A heavy fleece and high condition (fat) frequently results 
in lowered fertility or in sterility in rams fitted for shows and 
fairs. Two cases observed seemed to parallel the condition in 
rams subjected to scrotal insulation so it would seem that the 
scrota of these two rams were unable to maintain the testes at a 
sufficiently low temperature for spermatogenesis while under the 
handicap of heavy fleece and high condition. 
8. Rams of lowered fertility due to heavy fleece and high 
condition (fat) apparently recover normal spermatogenetic func-
tion quickly if relieved of the fleece and allowed some coincident 
luwering of condition. This should be of considerable practical 
value to sheep breeders, especially those in warmer climates. 
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